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A b s t r a c t
I present allozyme and m itochondrial DNA (mtDNA) data on the 
genetic structure of five species of Am azonian forest birds at two 
geographic scales. The five species, Glyphorynchus spirurus (family 
D endrocolaptidae), Leptopogon amaurocephalus (Tyrannidae), Hypocnemis 
cantator, M yrmeciza hemimelaena, and Hylophylax poecilinota (all three 
Form icariidae), are comm on forest understory  inhabitants throughout 
m uch of Amazonia. At the local geographic scale, I hypothesized that 
forest fragm entation affected genetic structure in these species. Study sites 
were in the Departm ent of Santa Cruz, Bolivia. Six sites separated by 150 
km or less for each species were sampled: three sites in continuous 
Am azonian forest, and three in forest fragm ents separated from 
continuous forest by South American savanna. If forest fragm entation 
leads to genetic isolation, small populations in the forest fragm ents should 
exhibit decreased genetic variation as a result of inbreeding depression. 
Isolated populations may also exhibit genetic differentiation from one 
another and from populations in continuous forest.
Allozymic data were not consistent w ith predicted effects of forest 
fragm entation, and neither allozyme nor mtDNA data suggested that 
genetic variation had been lost in forest fragm ent populations. M tDNA 
data for three formicariid species suggested that forest fragm ent 
populations had differentiated from populations in contiguous forest. The 
m ost comm on haplotypes in several forest fragm ent populations these 
three species were not found at continuous forest sites, whereas the m ost 
comm on haplotypes in contiguous forest sites occurred in both contiguous
v i
forest and forest fragments. Two non-formicariids had either fewer (G. 
spirurus) or greater (L. amaurocephalus) overall num bers of haplotypes than 
the three formicariids, but neither exhibited effects consistent the 
hypothesis that forest fragm entation affected genetic structure.
At a regional geographic scale, I hypothesized that these sedentary 
A m azonian species w ould exhibit greater genetic differentiation than 
comparable populations of m ore mobile tem perate species. I com pared 
samples from two biogeographic regions of the Am azon basin, the 
Inam bari and the Rondonian; samples at this scale were separated by up  to 
1750 km. For both allozymes and mtDNA, all species except L. 
amaurocephalus exhibited levels of differentiation consistent w ith greater 
geographic isolation than often found am ong congeneric species of 
tem perate birds.
C h a p t e r  l :  In t r o d u c t i o n
In this dissertation, I present two molecular data sets w ith which I 
assess the effects of natural forest fragmentation on the genetic structure of 
five co-occurring Am azonian birds. I undertook this project for three reasons. 
First, there have been few studies of genetic structure in Neotropical birds, 
although the Neotropics are home to one third of the world's avifauna. 
Second, the study species are thought to be poor dispersers; thus they m ay be 
more likely to exhibit genetic structure on a local (microgeographic) level due 
to habitat fragmentation than less sedentary birds. Third, if these Neotropical 
forest birds do exhibit genetic structure that can be attributed to habitat 
fragmentation, then such effects may occur to an even greater degree in less 
vagile Neotropical organisms (e.g., m any plants, insects, reptiles, and 
amphibians). Such information about patterns and processes leading to 
genetic structure at all taxonomic levels is critical to developing m easures to 
conserve biodiversity (Avise 1989, Templeton et al. 1990, Lubchenco et al. 
1991).
Genetic structure consists of two aspects: genetic variation that occurs 
within populations on a local scale (population variation), and genetic 
differentiation that occurs among populations on a regional scale (geographic 
variation). Study of both aspects provides insights into historic levels of gene 
flow and other evolutionary processes. I studied five species in different 
genera from three different families, resulting in five reasonably independent 
tests (Felsenstein 1985) of the effects of forest fragm entation on the genetic 
architecture of Neotropical birds. I present data on genetic structure in these 
species at both the regional and local levels as defined below.
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At the local level, I collected data from sites within 150 km of one 
another. Three of these sites are connected by continuous forest. Three other 
sites are in natural forest fragments separated from each other and from 
continuous forest by open grassland and savanna (termed cerrado), which I 
hypothesize to be impediments to gene flow. These forest fragm ents vary in 
size and degree of isolation. To place the degree of genetic differentiation that 
exists w ithin and among forest fragments in a broader context, I also present 
data on genetic differentiation between populations of these species collected 
550-1750 km from one another. At this level, samples represent two 
recognized areas of endem ism  (Cracraft 1985) or refugia (Haffer 1974,1985).
M easuring gene flow is difficult, yet it is a major factor influencing 
genetic structure within and among populations. One way to assess gene flow 
is through direct measures such as marking and recapturing individuals 
(Barrowclough 1983, Moore and Dolbeer 1989). Obtaining sufficient data to 
estimate gene flow by this m ethod requires substantial effort to capture and 
follow individuals over a sufficiently large area, and data m ust be gathered 
over many years (Baverstock and Moritz 1990). Thus, for m any organisms, 
including birds, such studies are often not feasible under the time periods in 
which m ost research projects are undertaken. However, this is not the only 
way that gene flow and population subdivision can be studied.
The development of molecular techniques to study variation in 
allozymes and mitochondrial DNA provides powerful direct approaches to 
characterize the genetic structure of populations and indirect approaches to 
assess levels of gene flow (Hillis and Moritz 1990). Data on allozymic 
variation have long been used to assess genetic structure using F statistics 
(Wright 1978) or genetic distances (Rogers 1972, Nei 1978). F statistics and,
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more recently, other approaches have been developed to estimate levels of 
gene flow using molecular data (Slatkin 1985, Slatkin and Barton 1989). 
MtDNA data provide a different picture of genetic structure because the 
molecule evolves at ten times the rate of most allozyme loci (Hillis and Mortiz 
1990). In addition, the relationships of mtDNA variants (haplotypes) within 
species can be assessed phylogenetically. From these data, recent approaches 
have been developed using coalescence theory to estimate gene flow (Slatkin 
and M addison 1989,1990) or dispersal distance (Neigel et al. 1990).
The predicted effects of population fragmentation on genetic 
differentiation and variation are well documented in population genetics (e.g., 
Lande 1988) and are paralleled by predictions of island biogeographic theory 
(M acArthur and W ilson 1967). Island biogeography theory predicts that the 
rate of island colonization depends on island size and degree of isolation. In 
an evolutionary sense, the rate of colonization can be interpreted as the 
am ount of gene flow into a population. Populations of sufficiently small size 
will lose genetic variation over time, just as species diversity is predicted to be 
lower on small islands in the island biogeography model. One difference 
betw een the models is that population genetics theory predicts that an isolated 
population receiving no gene flow will eventually become differentiated from 
its source population as a result of genetic drift or natural selection. Molecular 
techniques perm it investigation of the effects of population fragm entation on 
genetic structure of isolated populations. Thus, we can assess the degree of 
differentiation and the change in variation that occurs in a population 
following isolation. For example, Baker et al. (1990) found that Com mon 
Chaffinch (Fringilla coelebs) populations on Atlantic islands exhibit positive 
relationships between allozyme variation and island size, and allozymic
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differentiation as degree of isolation of the islands. Other studies of oceanic 
island populations of birds also have revealed reduced variation and 
increased differentiation from m ainland populations (Johnson and M arten 
1988, Peterson 1990, but see Zink et al. 1987, Degnan and Moritz 1992). In 
contrast, m any avian molecular studies of tem perate continental populations 
have found little or no genetic structure (Zink 1986; Grudzien et al. 1987; Ball 
et al. 1988; Zink et al. 1987,1991). Reasons cited for the lack of differentiation 
in these species include recent geographic isolation and high rates of gene 
flow. Some of these species exhibit seasonal movements that probably perm it 
some mixing of populations on an annual basis (e.g., Common Grackles, 
Quiscalus quiscula, and Red-winged Blackbirds, Agelaius phoeniceus; Moore and 
Dolbeer 1989). In other nonm igratory species, dispersing individuals may not 
be deterred by large expanses of intervening unfavorable habitat. Thus, the 
same dispersal capabilities that allow these species to colonize and 
subsequently differentiate on oceanic islands likely inhibit genetic 
differentiation on continents (e.g., Baker 1992).
G e n e t i c  s t r u c t u r e  i n  N e o t r o p i c a l  b i r d s  
The few data on genetic structure within Am azonian forest understory 
birds contrast sharply w ith the temperate continental species described above. 
The age and relative stability of Neotropical environments combined w ith the 
sedentary nature of many Neotropical species, m ight lead to a greater degree 
of genetic structuring than is found in most temperate continental species. 
Some Am azonian birds are thought to be so dependent on forest understory 
habitats that individuals do not cross roads bisecting continuous forest (e.g., 
Terborgh 1975). If true, this basic aspect of the biology of these understory
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species could have profound effects at the genetic level. This has been borne 
out in the few intraspecific molecular studies conducted on Amazonian 
understory birds.
Capparella (1987,1988), Hackett and Rosenberg (1990) and Hackett 
(1993) have studied allozymic differentiation in several taxa whose ranges are 
bisected by two of the largest rivers of the Am azon Basin. They found 
significant intraspecific genetic differentiation suggesting that little or no gene 
flow occurs betw een populations on opposite river banks. These large rivers 
form the principal boundaries for major biogeographic divisions (refugia or 
areas of endemism) in Amazonia (Haffer 1974, Cracraft 1985, Capparella 
1988). My study focuses on determining whether differentiation in 
Am azonian birds occurs both at this regional scale and at a local scale in the 
absence of a major river, but in the presence of open habitat thought to be 
avoided by the study species.
RELEVANCE TO CONSERVATION BIOLOGY
In addition to discerning patterns that result from microevolutionary 
processes, the question of how genetic variation is partitioned has im portant 
implications for conservation biology, as a prim ary goal of this field is the 
preservation of genetic diversity (Frankel and Soule 1981, Soule 1987, Lande 
1988, Lubchenco et al. 1991). Due to their poor dispersal capabilities, 
Am azonian understory birds may have gene pools that become isolated from 
one another following habitat fragmentation unlike the gene pools of many 
tem perate zone species. A num ber of ornithological studies have examined 
the effects of fragm entation on an ecological time scale (e. g., Willis 1974, 
Willis 1979, Lovejoy et al. 1983, Bierregaard and Lovejoy 1989). A lthough this
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type of study provides information on survivorship of species in forest 
fragments, it cannot predict the long-term historical effects on the genetic 
structure of surviving populations. The relative age, size, and degree of 
isolation of the forest fragments I studied make them  ideal models, or natural 
experiments, to investigate the genetic effects of isolation on bird populations 
over longer time scales than possible with ecological studies. These data can 
therefore help identify the geographic and taxonomic scales to be considered 
for effective conservation strategies in Amazonia.
STUDY D ESIG N
I collected samples so that genetic data from the five species could be 
used to compare:
1. samples from forest fragments of varying size (350-1200 ha) and
degree of isolation (1-66 km from adjacent forest).
2. samples from forest fragments and samples from nearby continuous
forest (70-145 km apart).
3. samples from among sites in continuous forest (110 to 150 km apart).
4. samples from across broader geographical regions (550-1750 km
apart).
W ith these comparisons, I address the following hypotheses:
1) Genetic isolation among populations in fragmented habitats exceeds genetic 
isolation found in populations separated by similar distances in continuous habitat 
(distances o f less than 150 km). For each of the five species, levels of genetic 
variation and differentiation should be a function of patch-size and isolation, 
respectively. Lower genetic variation w ithin samples from forest fragments,
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as compared to samples from continuous forest, would indicate that forest 
fragm entation significantly depresses genetic variation owing to either 
inbreeding effects or reduced immigration or both. Congruent patterns of 
genetic differentiation in the five species w ould implicate vicariant 
(fragmentation) events as im portant in shaping population structure. Thus, 
the m ultiple species approach makes it unnecessary to know the actual history 
of fragmentation. If fragmentation has had a genetic effect, then each species 
should show the same pattern of differentiation. This is an im portant point, 
because although the fragments are thought to be on the order of thousands of 
years old, there is as yet, no actual geologic data that pinpoint the timing or 
pattern of their origin (see below).
2) Genetic isolation by distance between sites in continuous rainforest habitat 
in South American avian taxa is greater than in comparable North American taxa 
(distances of 500-1750 km). In the only study with large sample sizes and 
multiple populations, Capparella (1988) dem onstrated substantial intraspecific 
genetic differentiation across major Neotropical rivers in several birds, 
suggesting that vicariant events and not simply geographic distance generate 
genetic differentiation. Genetic differences such as these have not been found 
in tem perate bird species, even across major rivers such as the Mississippi 
(e.g., Zink et al. 1991, Gavin et al. 1992). My study investigates genetic 
differentiation in the absence of large rivers, but in the presence of other 
potential barriers such as unsuitable habitat (grassland) and small rivers.
Thus, I am investigating whether genetic structure in Neotropical birds is 
partitioned across smaller geographic barriers at smaller geographic scales.
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St u d y  s it e s
The six m ain collecting sites are in the vicinity of the Serrania de 
Huanchaca, a 350 m tall plateau of uplifted Brazilian shield located in the 
northeastern corner of the Departm ent of Santa Cruz, Bolivia (Fig. 1.1, exact 
localities given in Appendix 1). All sites occur inside the Parque Nacional 
"Noel Kempff Mercado" or in  the adjacent Reserva Forestal "Bajo Paragua." 
Three sites (1-3) are forest fragments on top of the Serrania. The other three 
sites (4-6) are in continuous forest along the northern and w estern sides of the 
plateau.
The Serrania is believed to have been forested historically (O 'Connor et 
al. 1987). Forest fragm entation occurred as a result of erosion of the lateritic 
crust that originally covered the top of the plateau. Today, forest occurs only 
on remaining lateritic islands. On the eroded laterite, cerrado vegetation has 
invaded. Cerrado is a complex South American savanna habitat (Goodland 
1971) that shares almost no floral or faunal species w ith Am azonian forest 
understory. The age of the laterite suggests that fragm entation could have 
begun as long as 10,000 years ago; however, the exact ages of the fragments 
cannot as yet be determ ined (O'Connor et al. 1987). Forest fragments may 
have initially remained weakly connected to continuous forest by the presence 
of gallery forest along streams; today however, long stretches of these streams 
are bordered only by cerrado vegetation (Fig. 1.1). Unfortunately, there are no 
paleoclimatic data for the region, although it m ight be possible to obtain such 
data from the analysis of pollen from lake cores (Colinvaux and Liu 1987). 






Figvire 1.1. Map of study site localities. The inset of the northeastern corner 
of the Department of Santa Cruz, Bolivia, including the Serrarua de 
Huanchaca is drawn from LANDSAT images of the region.
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Despite their small size and degree of isolation, the avifaunas of sites 1 
(600 ha) and 2 (1200 ha) are very similar to those of continuous forest sites 
(Bates unpubl. data). However, site 3 (350 ha), the smallest forest fragment, is 
depauperate in that it is missing a num ber of forest species that occur in 
continuous forest and in the larger forest fragments (including one of the five 
study species, see below).
The two additional sites in the Departm ent of Pando, Bolivia (site 7) 
and the Departm ent of Loreto, Peru (site 8, Fig. 1.1) provide perspective on 
genetic structure found am ong sites 1-6. Sites 7 and 8 occur within Cracraft's 
(1985) South Amazon or Inambari area of endemism, whereas the six m ain 
sites lie on the western edge of the Rondonian area of endemism. Although 
there is continuous forest betw een these two centers today, the forests are 
hypothesized to have been separated during drier periods in the Pleistocene 
and possibly earlier (Whitmore and Prance 1987). Thus, I expect m uch greater 
differentiation between sites 7 and 8 and sites 1-6 than among sites 1-6 (or 
betw een sites 7 and 8).
Study taxa. The species studied are common and w idespread 
inhabitants of the Am azonian forest understory. These species are thought to 
m aintain year-round territories on the study sites as they do in other parts of 
Amazonia (Hilty and Brown 1986, Stotz and Bierregaard 1989, Terborgh et al. 
1990) and to have low levels of dispersal relative to m igratory temperate 
passerine birds. They represent three major families of Neotropical suboscines 
(order Passeriformes). Glyphorynchus spirurus, the Wedge-billed W oodcreeper 
(Dendrocolaptidae), is the only member of its genus. It has 10 subspecies 
(Peters 1951, Traylor 1979) and occurs from southern Mexico to the southern 
edge of the Amazon basin. Specimens from sites 1-6 have been assigned to
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the subspecies G. s. inornatus, whereas specimens from sites 7 and 8 have been 
assigned to G. s. albigularis. Hylophylnx poecilinota, the Scale-backed Antbird, 
and Hypocnemis cantator, the W arbling Antbird (both Formicariidae) have 7 
and 11 subspecies, respectively, and both species range throughout the 
Amazon basin. Specimens of H. poecilinota from sites 1-8 have represent the 
subspecies H. p, griseiventris. Hypocnemis cantator specimens from sites 1-6 
have been identified as H. c. implicata, and specimens from sites 7 and 8 are 
placed in H. c. ochrogyna. Myrmeciza hemimelaena, the Chestnut-tailed Antbird 
(Formicariidae), ranges throughout southern Amazonia, and north to southern 
Colombia on the western edge of the Amazon basin. It has only two 
recognized subspecies. Specimens from sites 1-6 have been assigned to M . h. 
pallens. Specimens from sites 7 and 8 are assigned to the nominate M. h. 
hemimelaena, although M. Isler (pers. comm.) considers specimens from site 7 
to be intermediate, w ith some plumage characters resembling specimens of M. 
h. pallens. Leptopogon amaurocephalus, the Sepia-capped Flycatcher 
(Tyrannidae), has 8 subspecies over a range covering southern Mexico to 
Argentina. In Amazonia, the species is locally distributed along the eastern 
base of the Andes, spreading out across the southern part of the basin to the 
Rio Tapajos in central Brazil. Specimens from sites 1-6 belong to the nominate 
subspecies, whereas specimens from sites 7 and 8 have been assigned to L. a. 
peruvianus. Thus, for G. spirurus, M. hemimelaena and L. amaurocephalus, 
samples from sites 1-6 are representative of one subspecies, and populations 
from the outlying sites 7 and 8 represent different subspecies. In Hypocnemis 
cantator, morphologic variation suggests a cline, and H. poecilinota populations 
appear undifferentiated across the region.
C h a p t e r  2: A l l o z y m e s
M ETH O D S
Collecting procedure and specimen preparation. A dult individuals of all 
species were captured in m ist nets and prepared as skeletal specimens or 
study skins (deposited in the Louisiana State University M useum  of 
N atural Science, LSUMNS). Samples of heart, liver, kidney, and breast 
muscle collected from each specimen were preserved in liquid nitrogen (- 
196°C) less than 30 m inutes after death. Once transported to the LSUMNS, 
the sam ples were stored in an ultracold freezer at -70°C until prepared for 
biochemical analysis.
Allozymes and data analysis. Hom ogenates of each sam ple were 
prepared combining subsam ples of each tissue type. The majority of the 
tissues was saved for extraction of m itochondrial DNA. M ethods for starch 
gel electrophoresis followed those of Richardson et al. (1986) and M urphy 
et al. (1990). The buffer systems em ployed were Amine-citrate, Tris-citrate 
(pH 8.0), Lithium Hydroxide, and Poulik (following M urphy et al. 1990).
The com puter program  BIOSYS-1 (Swofford and Selander 1981) was used 
to calculate allele frequencies, heterozygosity values, departures from 
Hardy-W einberg equilibrium , Nei's (1978) and Rogers' (1972) genetic 
distances (D), and to construct UPGMA phenogram s from matrices of 
Rogers' D. The degree of genetic population structure was estim ated by 
com puting W right's (1978) F$j, using a program  w ritten by G. F. 
Barrowclough, which corrects for sam pling bias due to finite sample size. I 
also used this program  to calculate hierarchical F st  values. Populations 
were grouped for this analysis into samples from isolated fragments (sites 
1-3), sam ples from continuous forest (sites 4-6), sam ples from fragments
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and from nearby continuous forest (sites 1-3 and site 5 only, and sites 1-6), 
and samples from across broad geographical distances (sites 1-8).
I tested for concordance between geographic distance and Rogers' 
genetic distance using M antel's (1967) test in the com puter program  
NTSYS-pc (Rohlf 1988), version 1.40. This was done by com paring matrices 
of Rogers' (1972) D for all five species w ith matrices of straight-line 
geographic distances between sites (Gabriel networks, Gabriel and Sokal 
1969). Because gallery forests often persist along stream s as cerrado habitat 
expands, this vegetation m ay have served historically as a corridor betw een 
fragm ents and forest. Thus, the m ost recent forest connection betw een 
forest fragments and continuous forest sites has probably not been a 
straight line connection. To account for this possibility, I constructed a 
second geographic distance matrix considering stream  drainages as 
connections betw een sites (streams drainages are show n in Figure 1).
To take into account m ultiple comparisons of matrices, I used 
corrected probability values determ ined by dividing the original probability 
value by the num ber of comparisons (Douglas and Endler 1982). In the 
case of the regional scale geographic analysis the corrected probability value 
was 0.05/7 or 0.007, corresponding to a f-value of 2.58. The probability 
values for the local geographic level were also adjusted accordingly. Due to 
missing samples at one site for both H. cantator and L. amaurocephalus, the 
num ber of comparisons possible for these species at the regional and local 
geographic levels were seven and five, respectively. Finally, Mantel tests 
was used to compare genetic distance matrices betw een the five species at 
the local geographic level (sites 1-6).
Estimating gene flow. I estim ated gene flow (Nm)  using the private 
alleles approach (Slatkin 1985). Values of p(l), the conditional average 
frequency of private alleles at each site were determ ined from tables of 
allele frequencies. I used equation (14) of Slatkin and Barton (1989):
log,0 [p(l)] ~ fllog10(Nwref) + b
w here a = -0.49 and b = -0.95 w hen the num ber of individuals sam pled is 
ten. Because values for a and b were determ ined based on sim ulations 
w ith a sample size of ten, Nmref was adjusted so that N m est =
(10/Nsam) ’Nmref, where Nsam is the m ean sample size per site. To avoid 
potential biases in estim ates of Nm due to small sam ple sizes, I included 
only sites w ith six or more individuals. Following the suggestion of 
Slatkin (1985), for each species, I perform ed a "jackknife" procedure in 
w hich single populations were sequentially rem oved and Nm calculated 
from the rem aining populations. This perm its assessment of the 
contribution that each population sam ple makes to the overall estim ate of 
Nm, and can identify populations contributing disproportionately to the 
overall estim ate of Nm.
R e s u l t s
I collected allozyme data for 24-30 presum ptive loci for most 
individuals of all species (Table 2.1a-e). For the species in which only 24 or 
25 loci were scored, at least five additional loci were exam ined for a portion 
of the population (generally 25 individuals); however, even though these 
sam ples were m onom orphic I did not include the loci in the analysis. I 
excluded two loci (LA-1 for Myrmeciza hemimelaena and LA-2 for 
Glyphorynchus spirurus) from analyses because scoring was not repeatable.
Table 2.1a. Allelic frequencies for 11 variable loci in Glyphorynchus 
spirurus. Thirteen other loci (CK1, CK2, ESTD, FUM, GOT-2, AGPD, GPI, 
ICD-2, LDH, MDH-1, MDH-2, PGM-1, and SDH) were invariant.
Study sites
1 2 3 4 5 6 7 8
Locus
ADA A(0.17) A(0.08)
B(0.21) B(0.33) B(0.59) B(0.08) B(0.50) B(0.75) B(0.60) B(0.76)
C(0.57) C(0.25) C(0.25) C(0.50) C(0.46) C(0.25) C(0.20)




N=14 N=6 N=6 N=6 N=14 N=4 N=5 N=6
AK A(0.11) A(0.40) A(0.14) A(0.29) A(0.63)
B(1.00) B(0.89) B(0.60) B(0.86) B(0.71) B(0.37) B(1.00) B(0.92)
C(0.08)
N=14 N=9 N=5 N =7 N=12 N=4 N=5 N=6
EST A(0.07) A(0.19) A(0.33) A(0.05) A(0.38)
B(0.50) B(0.37) B(0.33) B(0.30) B(0.19) B(0.50) B(0.90)
C(0.43) C(0.44) C(0.34) C(0.65) C(0.81) C(0.12) C(0.10) C(1.00)
N=14 N=8 N=6 N=10 N=13 N=4 N=5 N=6
GOT-1 A(0.25) A(0.20) A(0.17)
B(1.00) B(1.00) B(1.00) B(1.00) B(1.00) B(0.75) B(0.80) B(0.83)
N=14 N=9 N=6 N=10 N=14 N=4 N=5 N=6
ICD-1 A(0.05) A(0.25) A(0.10) A(0.50)
B(0.96) B(0.78) B(1.00) B(0.80) B(0.82) B(0.63) B(0.90) B(0.50)
C(0.04) C(0.17) C(0.15) C(0.14) C(0.12)
D(0.05)
E(0.04)
N=14 N=9 N -6 N=10 N=14 N=4 N=5 N=6
LA-1 A(0.18) A(0.28) A(0.25) A(0.25) A(0.14) A(0.37) A(1.00) A(0.92)
B(0.82) B(0.72) B(0.67) B(0.75) B(0.86) B(0.63) B(0.08)
C(0.08)
N=14 N=9 N=6 N=10 N=14 N=4 N=5 N=6
LGG A(0.11) A(0.06) A(0.08) A(0.04) A(0.90) A(0.33)
B(0.07) B(0.12)
C(0.86) C(0.94) C(0.92) C(1.00) C(0.89) C(0.88) C(0.10) C(0.50)
D(0.04) D(0.17)





































N=14 N=4 N=5 N=6




















B(0.10) B(0.14) B(0.33) B(0.10) B(0.25)
C(0.79) C(0.83) C(0.83) C(0.75) C(0.86) C(0.67) C(0.80) C(0.75)
N=14 N=9 N=6 N=10 N = ll N=4
D(0.10)
N=3 N=6
Table 2.1b. Allelic frequencies for 15 variable loci in Hypocnemis cantator. 
Eleven other loci (EAP, ESTD, FUM, GLUD, GOT-2, GPI, ICD-1, LDH-1, 
MDH-1, MDH-2 and PGM-1) were invariant. This species was not found 




3 4 5 6 7 8
ADA A(1.00) A(1.00) A(1.00) A(1.00) A(1.00) A(0.83)
B(0.17)
A(1.00)
N = ll N=6 N=2 N -13 N -7 N=6 N=2




N = ll N=6 N=2 N=13 N=7 N=6 N=2






N = ll N=6 N=2 N=13 N=7 N=6 N=2
(Table 2.1b cont.)
Study sites


























































































































































































A(1.00) A(1.00) A(1.00) A(0.33)
C(0.67)
B(1.00)
N = ll N=6 N=2 N=13 N=7 N=6 N=1
Table 2.1c. Allelic frequencies for 15 variable loci in Myrmeciza 
hemimelaena. Fifteen other loci (CK-1, CK-2, EAP, FUM, GDA, GLUD, 






















































































































4 5 6 7 8
ICD-1 A(1.00) A(1.00) A(l.OO) A(l.OO) A(0.94) A(l.OO) A(l.OO) A(l.OO)
N=10 N=9 N=12 N -4
B(0.06)
N -9 N -13 N -6 N -5
LA-1 A(1.00) A(0.77) A(l.OO) A (l.OO) A(l.OO) A(l.OO) A(0.83) A(l.OO)
N=10
B(0.23)
N -9 N=12 N=4 N -9 N -13
B(0.17)
N -6 N -5
LGG












B(0.30) B(l.OO) B(l.OO) B(l.OO) B(l.OO) B(l.OO) B(l.OO) B(l.OO)
C(0.40)




B(0.75) B(l.O) B(l.O) B(l.O) B(l.O)
N -10 N=9 N=12 N -4 N -9 N -12 N -6 N -5



























Table Id. Allelic frequencies for 18 variable loci in Hylophylax poecilinota. Seven other 
loci (CK-2, FUM, GLUD, HB, ICD-1, MDH-2, and SOD-1) were invariable.
Study sites
1 2 3 4 5 6 7 8
Locus








N=14 N=12 N=13 N -4 N -19 N -10 N -6 N -5
AGPD A(0.43) A(0.04) A(0.20) A(0.32)
B(0.57) B(1.00) B(0.96) B(0.80) B(0.68) B(0.90)
C(0.10)
B(1.00) B(1.00)
N=14 N=12 N=13 N -5 N -19 N -10 N -6 N -5





N=14 N=12 N-13 N -5 N -19 N -10 N -6 N -5
EAP A(1.00) A(1.00) A(1.00) A(1.00) A(1.00) A(1.00) A(1.00) A(0.90)
B(0.10)




















N -12 N -5
C(0.05)





















B(1.00) B(1.00) B(l.OO) B(l.OO) B(l.OO) B(l.OO)
A(0.08)
B(0.92) B(l.OO)
N=14 N -12 N=13 N -5 N -19 N -10 N -6 N -5
ME A(0.93) A(1.00) A(l.OO) A(l.OO) A(l.OO) A(l.OO) A(l.OO) A(l.OO)
B(0.07)
N=14 N -12 N -13 N -5 N -19 N -10 N -6 N -5




































N=13 N - l l
D(0.05)
N - l l
D(0.20)




















N -13 N -12 N=9 N -5 N -19 N -10
D(0.08)
N -6 N -5
PHE A(0.93) A(l.OO) A(l.OO) A(1.00) A(0.89) A(l.OO) A(l.OO) A(l.OO)
B(0.07)
N=14 N=12 N -13 N -5
B(O.ll)
N -19 N -10 N -6 N -5
SDH A(0.32) A(0.54) A(0.19) A(0.30) A(0.05) A(0.15) A(0.17) A(O.IO)
B(0.68) B(0.46) B(0.81) B(0.70) B(0.95) B(0.85) B(0.83) B(0.90)
N=14 N=12 N-13 N -5 N -19 N -10 N -6 N -5
SOD-2 A(1.00) A(1.00) A(l.OO) A(l.OO) A(l.OO) A(l.OO) A(l.OO) A(0.80)




Table 2.1e. Allelic frequencies for 18 variable loci in Leptopogon 
amaurocephalus. Five other loci (AK, GLUD, ICD-2, LDH-1, and MDH-2) 
were invariant. Leptopogon amaurocephalus occurred at site 6, bu t no tissue 












































































































































































































C(0.82) C(0.84) C(0.86) C(0.88) C(0.86)
D(0.06) D(0.08) D(0.07)
E(0.07)
N -7N -6 N -7 N -7
B(1.00) B(1.00) B(l.OO) B(1.00) B(l.OO)









B(0.83) B(l.OO) B(0.75) B(l.OO) B(l.OO) B(l.OO)
C(0.17)
N -6 N -6 N -4 N -4 N -4 N -3
A(1.00) A(l.OO) A(l.OO) A(0.93) A(0.08) A(0.66)
B(0.07) B(0.67) B(0.17)
C(0.25) C(0.17)
N -6 N -7 N -4 N -7 N -6 N -3
A(0.84) A(0.71) A(0.75) A(0.93) A(0.88) A(0.83)
B(0.08) B(0.25) B(0.07) B(0.12) B(0.17)
C(0.29)
D(0.08)
N -6 N -7 N -7 N -7 N -4 N -3
A(0.92) A(0.93) A (l.OO) A(l.OO) A(l.OO) A(l.OO)
B(0.07)
C(0.08)
N -6 N -7 N -4 N -7 N -4
N -3
A(0.92) A(0.93) A(l.OO) A(l.OO) A(l.OO) A(l.OO)
B(0.08) B(0.07)
N -6 N -7 N -4 N -7 N -6 N -3





N -4 N -3
Sample sizes at sites varied for all species (Table 2.1a-e, 2.2). This was 
particularly true for Hypocnemis cantator and Leptopogon amaurocephalus. In 
two cases, no samples of species were collected at a site. In  the case of H. 
cantator, the species was not found at site 3 (see below). Leptopogon 
amaurocephalus was recorded at site 6 (Bates et al. 1991), bu t the species was 
not collected there.
Overall genetic variation. Heterozygosity varied across species (all 
individuals pooled), from 11.1% (± 4.3, SE) in G. spirurus to 2.7 (± 1.9) in H. 
cantator (Table 2.2). The m ean percentage of polym orphic loci among sites 
1-6 ranged from 38% and 39% in G. spirurus and Hylophylax poecilinota, 
respectively, to 16% and 17% for H. cantator and M . hemimelaena, 
respectively. Leptopogon amaurocephalus was interm ediate w ith 30% 
polym orphic loci. As w ith the two previous m easures of genetic variation, 
the m ean num ber of alleles per locus in G. spirurus, H. poecilinota and L. 
amaurocephalus was higher than the num ber of alleles per locus for M . 
hemimelaena and H. cantator (Table 2.2).
Allozyme variation at the local geographic scale. Levels of intraspecific 
allozymic variation at study sites 1-6 are not consistent w ith predictions 
(Table 2.2). Two of the three standard m easures of genetic variation 
(heterozygosity and num ber of alleles per locus) do not show reductions in 
the small isolated populations of the forest fragm ents (site 1-3). In fact, 
heterozygosity is often higher in the forest fragm ents than  in continuous 
forest. The third measure, the percentage of polym orphic loci, is often 
lower than average in the three forest fragm ent populations (particularly 
for site 3) relative to the continuous forest sites (Table 2.2); however, low 
percentages of polymorphic loci for forest fragm ents are no
Table 2.2. Three measures of genetic variation, heterozygosity, percentage of polymorphic loci, and num bers of 
alleles per locus, for allozyme data from the six Huanchaca region study sites (sites 1-6), w ith m ean sample sizes 
per locus for each study site.
heterozygosity (SE)
% polymorphic loci, mean number of alleles per locus
mean samp e size of individuals per locus
forest fragments contiguous forest overall
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6




























































































„b 0.069 (0.026) 
30,1.4
a H. cantator had either been extirpated or never occurred at this site (see text). 
b L. amaurocephalus occurs at this site, but no tissue samples were collected.
lower than those for some of the continuous forest populations of the 
same species.
Hierarchical Fs t  analyses. At the regional scale (sites 1-8), F s t  values 
(Table 2.3) ranged from 0.238 in H. cantator to 0.056 in L. amaurocephalus 
(Table 2.3). Values for the other three species exceed 0.140, suggesting 
substantial differentiation at this scale, which can be attributed prim arily to 
allele frequency shifts betw een populations from the Rondonian region 
(sites 1-6) and sites from the Inambari region (sites 7 and 8, Table 2.3). In H. 
cantator for instance, large frequency shifts occur betw een populations from 
sites 1-6 and those from sites 7 and 8 at GOT-1, PGM-2, and SOD-1 (Table 
2.1b). The population at site 8 is apparently fixed for a unique allele at 
GOT-1. For M . hemimelaena, the samples from sites 7 and 8 are fixed for an 
allele at GPI that appears at a frequency of 0.008 at sites 1-6 (once in the 114 
alleles surveyed, Table 2.1c). The Hylophylax poecilinota population from 
site 7 is apparently fixed for an allele at GOT-2 that is also the most- 
common allele at site 8. This allele does not occur in populations from 
sites 1-6, bu t the only allele occurring in these samples also occurs in low 
frequency at site 8 (Table 2.1d). Glyphorynchus spirurus populations from 
sites 7 and 8 exhibit a significant frequency shift in alleles at LA-1 from 
those occurring in populations from sites 1-6 (Table 2.1a).
F s t values at the local level (sites 1-6) were m arkedly lower than the 
values from the regional level (sites 1-8), and F st  values calculated from 
less inclusive groupings to assess the effects of forest fragm entation at the 
local level were generally (but not always) lower still (Table 2.3). For H. 
poecilinota, the F s t value for forest fragments (sites 1-3) was higher than the 
F st  value for continuous forest sites (sites 4-6, Table 2.3). This w ould
Table 2.3. Hierarchical Fst values, corrected for small sample size, calculated across several geographic 
levels. Standard errors in parentheses. Gs = G. spirurus, He = H. cantator, M h = M. hemimelaena, 
Hp = H. poecilinota, La = L. amaurocephalus.
Gs He Mh Hp La
Sites 1-8 0.141(0.037) 0.238(0.068)a 0.211(0.078) 0.177(0.048) 0.056(0.016)a
Sites 1-6 (Huanchaca region) 0.053(0.017) 0.050(0.017)b 0.090(0.043) 0.058(0.015) 0.032(0.014)b
Sites 1,2,3,5 0.022(0.010) 0.031(0.016) 0.080(0.051) 0.062(0.016) 0.035(0.018)
Sites 1-3 (Fragments) 0.021(0.013) 0.022(0.012)c 0.086(0.054) 0.054(0.019) 0.019(0.009)
Sites 4-6 (Forest) 0.047(0.017) 0.020(0.016) 0.084(0.047) 0.029(0.014) 0.012(0.006)'
a Only 7 sites sampled 
h Only 5 sites sampled 
c Only 2 sites sampled
be predicted if forest fragm entation has led to increased genetic isolation of 
populations in sites 1-3. For L. amaurocephalus, the F s t  value for the forest 
fragm ents was slightly higher than that for continuous forest sites. 
However, in the other three species F st  values for forest fragm ents were 
not higher than F st  values for continuous forest sites. In G. spirurus, the 
F st  value for the three continuous forest sites is alm ost twice the value for 
forest fragm ents (Table 2.3).
Mantel tests. At the regional geographic scale (sites 1-8), Mantel tests 
resulted in significant f-values (p < 0.006) for four of the five species. Thus, 
there is a strong correlation between genetic (Rogers' D) and Gabriel 
(straight line) geographic distances (Appendix II, Table 2.4) at this scale for 
all species except L. amaurocephalus. W hen sites 1-6 were com pared alone, 
none of the five species show ed significant f-values, revealing no 
relationship betw een genetic distance and the straight line geographic 
distances between sites (Table 2.4). The Mantel tests com paring local-scale 
genetic distances and a geographic distance matrix that reflected corridors 
of riparian vegetation along stream s as possible routes of im m igration and 
em igration (Appendix II) also resulted in no significant f-values for any of 
the five species. M antel tests for two of ten comparisons betw een pairs of 
m atrices of Rogers' (1972) D (Appendix I) for all species revealed were 
significant. These were betw een matrices for M. hemimelaena and H. 
cantator, and betw een H. poecilinota and L. amaurocephalus (Table 2.5).
Another way to compare genetic structure w ithin species is with 
phenogram  topologies. At the regional level, populations from sites 7 and 
8 lie outside the populations from the Huanchaca region (sites 1-6) in 
phenogram s for all species except L. amaurocephalus (Appendix III).
Table 2.4. T  values from Mantel tests of matrices of Rogers' (1972) genetic distances and geographic distances 
(km) between sites. Correlation coefficients are given in parentheses. The matrices compared are shown in 
Appendices I and H  Comparisons at the local scale were m ade using a Gabriel network of straight line 
geographic distances between sites, and by measuring the distance betw een sites based on connections along 
streams. For the streamside matrix, birds are assumed to use streamside vegetation as corridors for movement 
between sites, rather than straight line paths.
regional scale local scale local scale
Gabriel network streamside corridors
(sites 1-8)__________________ (sites 1-6)____________________ (sites 1-6)
G. spirurus 2.901** 0.852 -0.998
(0.827) (0.262) (-0.327)
H. cantator 3.456**a -2.108b -1.928b
(0.900) (-0.637) (-0.443)
M. hemimelaena 3.140** -1.037 -0.905
(0.824) (-0.313) (-0.290)
H. poecilinota 2.788** 0.309 -0.613
(0.787) (0.085) (-0.170)
L. amaurocephalus 0.468a -1.227b -0.321b
(0.103) (0.110) (-0.086)
a Only 7 comparisons possible 
b Only 5 comparisons possible
** p < 0.006
Table 2.5. T  values from Mantel tests for matrix comparisons of Rogers' (1972) genetic distances from sites in the 
Serrarua de Huanchaca region (sites 1-6). Correlation coefficients are given in parentheses. The matrices 
compared are in Appendix I. Gs = Glyphorynchus spirurus, He = H. cantator, M h = Myrmeciza hemimelaena, Hp = 
Hylophylax poecilinota, La = Leptopogon amauroceplmlus.

























1 Only five comparisons possible for these species.
** p < 0.006
However, the relationship of populations from sites 7 and 8 to each other 
vary from species to species. In L. amaurocephalus, the lack of geographic 
structure at the regional scale is apparent, because some populations from 
the Huanchaca region (sites 1-6) are phonetically closer to populations from 
sites 7 and 8 than they are to other sites of the Huanchaca region (Appendix 
III). At the local level, we w ould expect to see continuous forest sites 
cluster together relative to the forest fragments if forest fragm entation 
leads to increased differentiation in forest fragments. This occurs in H. 
cantator, but not for the other species (Appendix III). For H. cantator and M . 
hemimelaena, whose distance matrices were significantly correlated using 
M antel’s test (Table 2.5), it appears from the phenogram s (Appendix III) 
that the significant i-value from the Mantel test is due prim arily to site 1 
being the most divergent of the five sites for which data are available for 
both taxa. The other significant Mantel test was betw een H. poecilinota and 
L. amaurocephalus (Table 2.5). Reasons for the significant M antel test 
betw een these two species are not straightforward, as little congruence is 
evident in the phenogram s (Appendix III).
Estimates o f dispersal at the local scale using private alleles. Values of 
N m est for all five species (Table 2.6) were less than 2.5 
im m igrants/generation. Jackknifed N m est values revealed a greater range 
of values for N m est, suggesting that some samples do have a 
disproportionate effect. However, only in G. spirurus and L. amaurocephalus 
did any jackknifed values exceed 3.0. Hypocnemis cantator and M . 
hemimelaena were the only two species for which the overall A/west values 
were less than 1.0. Private alleles for L. amaurocephalus were particularly 
common in forest fragments, and this species had alm ost twice as
Table 2.6. N um ber of privates alleles per site and values of N m est based on the m ean frequency of private 
alleles, p( 1), for sites in the Serrama de Huanchaca region. Only sites w ith the largest sample sizes were 
included (dashes m ark excluded samples). The values in parentheses are the lowest and highest values of 
N m est calculated w hen one of the populations is rem oved (following Slatkin 1985).
1 2
study sites 
3 4 5 6
Total P(l) N w es t
G. spirurus 1 1 1 3 3 _a 9 0.071 2.494
(1.996-4.029)
H. cantator 3 2 1 1 7 0.124 0.881
(0.831-1.729)
M. hemimelaena 2 0 1 3 0 6 0.173 0.392
(0.132-1.679)
H. poecilinota 2 1 1 0 3 7 0.066 2.204
(1.884-2.330)
L. amaurocephalus 4 5 4 — 0 ” 13 0.088 2.262
(2.061-3.415)
a Dashes occur where samples for sites were too small to be considered or where the species did not occur.
m any private alleles overall (13) than the other species (G. spirurus was next 
highest w ith 9).
D I S C U S S I O N
Overall genetic variation. Barrowclough (1983) noted m ean 
heterozygosity in birds to be 5.3%. Two study species, Glyphorynchus 
spirurus (11.1% ± 4.3, SE) and Hylophylax poecilinota (8.7% ± 3.0) had  levels of 
m ean heterozygosity that exceeded this level, whereas heterozygosity for 
Hypocnemis cantator (2.7% ± 1.9) was low. Values for the other two species, 
Myrmeciza hemimelaena (4.9% ± 2.6) and Leptopogon amaurocephalus (6.9% ±
2.6) were similar to m ost birds. The percentage of polym orphic loci and the 
num ber of alleles per locus show ed similar patterns, w ith G. spirurus, H. 
poecilinota and L. amaurocephalus exhibiting greater overall variation than 
H. cantator and M. hemimelaena (Table 2.2). As w ith levels of 
heterozygosity, the m ean percentages of polym orphic loci at the local level 
(sites 1-6) in G. spirurus (38%), H. poecilinota (39%), and L. amaurocephalus 
(30%) were also higher than the 22.2% average calculated by Corbin (1987) 
for other birds.
The multispecies design and two-tiered geographic sam pling 
approach of this study perm it a more general assessment of genetic 
structure than is possible in single-species studies (Cracraft 1989). The 
prim ary focus of m y study was to investigate the effects of forest 
fragm entation on local populations of sedentary species believed to be poor 
dispersers strongly tied to forest understory. I hypothesized that if 
populations in forest fragm ents are isolated from continuous forest and
historically reduced in size, then genetic variation should be lost in these 
populations relative to the genetic variation in comparable populations 
from continuous forest. Furtherm ore, if gene flow is reduced betw een 
forest fragm ents and continuous forest, then increased genetic 
differentiation in forest fragm ent populations may also develop.
Effects of forest fragmentation on genetic structure. Forest fragm entation 
does not appear to affect local genetic structure as m easured by analyses of 
allozyme data. Although all five species exhibit some predicted effects due 
to forest fragm entation, decreased genetic variation and increased genetic 
differentiation am ong all species were not observed. In every analysis 
(m easures of genetic variation, hierarchical Fs t , M antel tests), one to 
several species did  not exhibit the predicted pattern, and it was not always 
the same species that deviated (Table 2.7).
Aspects of these data sets that are consistent w ith forest 
fragm entation affecting genetic structure m erit consideration, because "all- 
or-none" predictions m ight be too strict. These aspects include lower than 
average percentages of polym orphic loci in the smallest forest fragm ent 
(site 3), higher F s t values w hen forest fragments are included, and the 
absence of H. cantator from site 3. The percentage of polym orphic loci has 
been show n theoretically (Nei et al. 1975) and empirically (Leberg 1992) to 
be the m ost sensitive of the three common m easures of genetic variation 
(heterozygosity and m ean num ber of alleles per locus are the other two) to 
population declines. The percentages of polym orphic loci were lower in 
site 3 samples than the averages for continuous forest sites for three of the 
four species found there (G. spirurus, M. hemimelaena and L. amaurocephalus, 
Table 2.2, 2.7). Because site 3 is the sm allest forest fragment, populations in
Table 2.7. Summary of the agreem ent w ith predictions concerning the 
genetic effects of forest fragm entation for allozymic variation and 
differentiation in five Am azonian forest birds from the Serram a de 
Huanchaca region (sites 1-6). Y = data for the species m atch predictions, N  
= data for species do not m atch the predictions. Gs = G. spirurus, He = H. 
cantator, M h = M. hemimelaena, Hp = H. poecilinota, La = L. amaurocephalus.
Gs He M h  H p La
Genetic variation
Heterozygosity greater in forest N N  N N N
fragments than in continuous forest
Mean number of alleles per locus N N  N N N
greater in forest fragments than in 
continuous forest
Percentage of polymorphic loci N N N N N
greater in forest fragments than in 
continuous forest
Percentage of polymorphic loci at Y y a Y N Y
site 3 lower than the mean value for 
continuous forest sites
Genetic differentiation 
FST values for forest fragments N N N Y N
greater than those for continuous 
forest sites
Genetic distances for continuous N Y N N N
forest sites closer to one another 
than to forest fragment sites
Number of private alleles in forest N N N N Y
fragments greater than in continuous 
forest sites
N m  less than 1.0, the level at N Y Y N N
which genetic differentiation can 
proceed by genetic drift alone
(Wright 1978)______________________________________________________________
a H. cantator did not occur at this site.
this fragm ent are predicted to lose genetic variation more rapidly in 
isolation. However, for all three species, a sam ple from a continuous 
forest site exhibited a similarly low percentage of polym orphic loci.
Increased genetic differentiation in the forest fragm ents as compared 
to continuous forest sites is suggested by the hierarchical F s t values in H. 
poecilinota (Table 2.3, 2.7). The F s t value for the three forest fragm ents in 
this species is higher than the value for continuous forest populations. In 
L. amaurocephalus, the F s t value for the forest fragm ents is also higher than 
that for continuous forest sites (Table 2.3); however, standard errors 
associated w ith these values suggest that the values are not truly different. 
Genetic differentiation resulting from forest fragm entation is suggested for 
L. amaurocephalus by the high num ber of private alleles in the forest 
fragm ent populations relative to continuous forest. These results could be 
biased because only one continuous forest site had enough individuals to 
use in these calculations. Hypocnemis cantator was the only species in 
which genetic distance m easures suggested genetic differentiation had 
occurred in forest fragments.
The absence of H. cantator from site 3 deserves m ention, because this 
species favors treefalls, light gaps and forest edge more so than other study 
species such as G. spirurus and H. poecilinota (Hilty and Brown 1986, Stotz 
and Bierregaard 1989, pers. obs.), and these habitats were as plentiful at site 
3 as at other sites (pers. obs.). This species is one of a few forest species that 
persists in 10 ha m an-m ade fragments near M anaus, Brazil (Bierregaard 
and Lovejoy 1989). Also, H. cantator was common at the other five study 
sites in the Serranfa de Huanchaca region. Furtherm ore, the absence of H. 
cantator was contrasted w ith the abundance of another formicariid, the
Plain Antvireo (Dysithamnus mentalis) at site 3. Dysithamnus mentalis is 
sim ilar to H. cantator in foraging height, feeding behavior and 
m orphology, and was one of the m ost common understory species in the 
fragm ent; yet, it was unrecorded in extensive surveys at the other five sites 
in the region (Bates et al. unpubl. data). Thus, I believe that H. cantator 
w ent extinct in the sm allest forest fragm ent, w hich either resulted in, or 
was caused by the presence of D. mentalis.
Genetic structure in neotropical species compared to temperate species. The 
second hypothesis to be tested in this study was that genetic differentiation 
am ong sites in continuous rainforest habitat in South Am erican avian taxa 
is greater than in comparable N orth Am erican taxa. I originally 
form ulated this hypothesis for genetic structure at the regional scale (sites 
150-1500 km apart).
Hackett and Rosenberg (1990) sum m arized intraspecific genetic 
distance data for allozyme studies of neotropical species. M ean Nei's (1978) 
distance values betw een the Huanchaca sites (1-6) and sites 7 and 8 (Table 
2.8) are similar to values Hackett and Rosenberg reported and equal to 
values reported between congeneric species of tem perate birds 
(Barrowclough 1980). Thus, the hypothesis that greater genetic structure 
exists in these neotropical species than is found in tem perate species is 
supported by this study. Leptopogon amaurocephalus exhibited m uch less 
differentiation am ong sites than the other four species. In fact the samples 
from sites 7 and 8 fall inside the cluster of sites 1-6 in the UPGMA 
phenogram  (Appendix III). In addition, Leptopogon amaurocephalus had the 
lowest F s t value when sites 1-8 were com pared, and it was the only species 
that did not show a significant Mantel test w hen genetic distances were
com pared to geographic distances for sites 1-8. Thus, populations of L. 
amaurocephalus from two different areas of endem ism  (Inambari and 
Rondonian) are m uch less differentiated than the other study species, 
allozymically. These populations m ay be connected through greater gene 
flow betw een these sites than occurs in the other study species, or possibly 
that L. amaurocephalus more recently spread across this region, and its 
populations have not had time to differentiate.
Genetic structure at the local geographic level. A lthough num erous 
studies have em ployed protein electrophoresis at local geographic levels in 
organism s other than birds (e.g., Selander and Kaufm an 1975, W orkm an 
and N isw ander 1970, Hilbish and Koehn 1985, Lawson et al. 1989, 
H ernandez-M artich and Smith 1990), there are few avian studies (Fleischer 
1983, Ross 1983, Baker and Moeed 1987, Grant and Little 1992). Typically, 
intraspecific avian studies focus at a regional level, according to the 
definition that I have used. These studies may have a few sam pling 
localities separated small geographic distances (less than 200 km) along 
w ith m any more widely separated sites that form the study 's major focus, 
such as assessm ent of regional geographic variation (Johnson and M arten 
1988, Peterson 1990, Gavin et al. 1992, Johnson and M arten 1992), or 
appraisal of the extent of secondary contact in a hybrid zone (Barrowclough 
1980, G rudzien et al. 1987). The m ain reasons for the lack of local 
geographic level studies in birds are related. First, birds are thought to be 
good dispersers, and secondly, levels of allozymic divergence uncovered by 
regional studies of birds have been low, m aking the possibility of detecting 
m eaningful genetic structure at the local level appear unlikely.
Capparella's (1987, 1988) allozymic studies dem onstrated significant 
genetic structure in five of six Am azonian species whose ranges were 
bisected by the Amazon River. However, he also presented data for five of 
these species at three sites w ithin 80 km of one another that were not on 
the opposite sides of a major river. Thus, com paring m y results to those of 
Capparella perm its assessment of local genetic structure in neotropical 
birds from two geographic regions. Capparella reported levels of 
heterozygosity and percentage of polym orphic loci similar to values 
published for other birds (Barrowclough 1983, Corbin 1987). In m y study, 
two species had higher than average levels of overall genetic variation, 
and three species had average or below average levels of variation.
Local-level F s t  values reveal allozymic differentiation betw een sites 
1-6. F s t  values am ong continuous forest sites (4-6) ranged from  0.019 in L. 
amaurocephalus to 0.086 in M. hemimelaena (Table 2.3). These values are 
comparable to those found among subspecies, and across hundreds of 
kilom eters in m any tem perate birds (Barrowclough and Johnson 1988). 
Capparella (1987) reported local-level F s t values for five species that, w ith 
the exception of the Black-faced Antbird (Myrmoborus myotherinus, F s t  = 
0.002), exceeded 0.010 and ranged up to 0.098 in the Golden-headed 
M anakin (Pipra erythrocephala). Capparella's value for G. spirurus (0.073) 
exceeded the value that I calculated for sites 4-6 (0.047). From a subset of 
Hackett's (1993) data set (her Table 1) for the Bicolored A ntbird 
(Gymnopithys leucaspis castanea), I calculated F s t values for population 
samples collected at the same three Peruvian sites as those studied by 
Capparella. The Fst  value for these populations (corrected for small 
sample size) is 0.291 (SE = 0.089); a very high value for intraspecific
populations of birds (Barrowclough and Johnson 1988). Thus, these three 
data sets suggest that these Am azonian suboscines of the forest understory 
have a different genetic structure even over small geographic distances 
than do tem perate birds, presum ably as the result of low levels of dispersal. 
It is not yet know n w hether this level of genetic structure also occurs in 
A m azonian oscine passerines or nonpasserines.
Estimated levels o f gene flow at the local geographic scale. Dispersal in the 
five species that I studied has never been assessed from m ark and recapture 
data; however, values of N m  based on private alleles (Slatkin 1985) suggest 
low levels of gene flow between sites 1-6 for all five species (Table 2.8). The 
Nm  values for H. cantator and M. hemimelaena were estim ated to be less 
than 1.0, the level at which W right (1978) show ed that differentiation 
w ould be expected to occur by genetic drift alone. Values for the other 
three species were greater than 1.0, but less than 3.0. Slatkin (1985) and 
others (Stangel et al. 1992, Edwards 1993) have considered values greater 
than 1.0 to be indicative of "high" rates of gene flow; however, values less 
than 3.0 are lower than those reported for m ost avian studies (see below).
Confusion has resulted from Slatkin's (1985) original suggestions for 
correcting estimates of N m  for variation in sample size am ong study 
populations (see Slatkin and Barton 1989, p. 1364). Thus, estim ations of 
N m  in the literature may be slightly lower than they w ould be if the values 
were weighted correctly. This makes comparisons of these values 
problematic. However, Zink et al. (1987), who used Slatkin's weighting 
formula correctly in estim ating Nm  for California Quail (Callipepla 
californica) populations, found a value of 5.55 across this species' entire 
distribution (Oregon to southern Baja California). Thus, all five
Table 2.8. M ean Nei's D (± SD) for sites 1-6 compared to sites 7 and 8 along w ith m ean D values from other 
studies comparing populations across the Amazon river. Also included are m ean values for congeneric 






M ean Range Source
G. spirurus 12 0.072 ±  0.007 0.053-0.101 This study
H. cantator 10 0.101 ± 0 .0 1 0 0.080-0.112 it
M. hemimelaena 12 0.072 ±  0.011 0.059-0.095 ii
H. poecilinota 12 0.038 ±  0.023 0.011-0.075 it
L. amaurocephalus 10 0.010 ±  0.008 0.003-0.023 i i
G. spirurus (across the 
Am azon River)
4 0.053 ±  0.004 0.050-0.059 Capparella 1987
Myrmotherula  
haematonota (across the 
Am azon River)
1 0.066 Hackett and Rosenberg 
1990
Tem perate congeneric 
species
71 0.0440 ±  0.022 0.008-0.127 Barrowclough 1980
Tem perate congeneric 
subspecies
86 0.005 ±  0.005 0.001-0.02.1 ii
A m azonian birds exhibit lower levels of gene flow over less than 150 km 
than this gallinaceous species exhibits across 2300 kilometers. G rant and 
Little (1992) also estim ated Nm  using private alleles (whether they used 
Slatkin's correction factor is unclear) for large sam ples of Greywing 
Francolins (FrancoWws africanus) from sites all w ithin 60 km of one another 
and obtained a value of 9.1. Finally, Baker et al. (1990) estim ated N m  at a 
num ber of levels for Com m on Chaffinches (Fringilla coelebs), a species that 
occurs throughout Europe, N orthern Africa and Atlantic archipelagos (the 
Canaries and Azores). All continental comparisons resulted in values of 
N m  greater than 2.5, whereas island comparisons were often less than  1.0. 
Thus, estim ated levels of gene flow in the five species that I studied are 
quite low in com parison to other avian studies and resemble values for 
island populations of Com mon Chaffinches.
W aples (1987) discussed possible biases associated w ith calculating 
N m  from private alleles and noted that Slatkin (1985) considered 20 private 
alleles an adequate sample on which to estimate p{ 1). W aples further noted 
that his and m any other studies generally have far fewer than  20. Fie 
included no data for birds, bu t the avian studies in w hich N m  was 
estim ated using p( 1) have also been based on fewer than 20 private alleles 
(e.g., Zink et al. 1987, Johnson and M arten 1988, Johnson and M arten 1992, 
Baker et al. 1990, Grant and Little 1992, Stangel et al. 1992). In the m ost 
extensive samples, Zink et al. (1987) found 15 private alleles in California 
Quail, and Baker et al. (1990) found 10-19 private alleles for various 
com parisons am ong the chaffinch populations m entioned above. These 
num bers of private alleles are approached only by L. amaurocephalus (13 
private alleles) in my study; however, I believe that the low num bers of
private alleles in my study are the result of the local scale of the study.
Zink et al. (1987) surveyed California Quail populations from Baja 
California to southern Oregon and Baker surveyed populations across 
several archipelagos, the Iberian peninsula and northern  Africa. I counted 
the num bers of private alleles and calculated N m  for several data sets 
(including species studied by Capparella 1987) for populations sam pled 
over local geographic regions. The num bers of private alleles in these 
local-level studies are similar to those of my study (Table 2.9). Thus, small 
num bers of private alleles m ay sim ply be a consequence of the local 
geographic area surveyed.
Implications o f increased genetic structure in Amazonian birds. Contrary 
to docum ented effects of the largest Am azonian rivers on genetic 
population structure (Capparella 1988, Hackett and Rosenberg 1990, Hackett 
1993), there is little support for the hypothesis that natural forest 
fragm entation affects genetic structure in the five species I studied (Table
2.7). However, all species exhibited substantial levels of differentiation at 
both the regional and local geographic levels, relative to m ost other birds. 
These results have potentially im portant ram ifications for A m azonian 
birds which will be discussed in Chapter 3. For two species, estim ates of 
gene flow (Nm)  presented here suggest that dispersal is sufficiently low that 
differentiation can result over distances of less than 150 km. Similar levels 
of allozymic differentiation (as m easured by Fs t , Nei's and Rogers' D) 
across local geographic regions in the absence of barriers to gene flow for 
other species, in other parts of Amazonia (Capparella 1987, 1988, Hackett 
1993), argue that such differentiation may be common in A m azonian
Table 2.9. Summaries of allozymic data, privates alleles, and values of N m est based on the m ean frequency 
of private alleles (p(l)) for avian studies conducted over local geographic areas. The equations used are 













P( 1) N m e st Source
Sturnus vulgaris 
(Great Britain)
6 49.7 24 7 0.016 9.95 Ross 1983
Sturnus vulgaris 
(New Zeland)
6 49.8 24 2 0.040 4.55 Ross 1983
Acridotheres tristis 
(India)





















3 30 31 3 0.025 6.12 Capparella
1987
understory birds. The allozymic differentiation found here also suggests 
that analysis of a more rapidly evolving molecule such as m itochondrial 
DNA m ight provide greater resolution of genetic patterns at the local 
geographic level providing an additional test of the hypothesis that forest 
fragm entation can affect genetic structure.
C h a p t e r  3: M i t o c h o n d r i a l  D N A  
M e t h o d s
Collecting procedure and specimen preparation. Most individuals used 
in this study were the same used in the allozyme study (for collecting 
procedures see M ethods, Chapter 2). For each individual, m itochondrial 
DNA (mtDNA) was isolated from tissue rem aining after subsam ples had 
been rem oved for the allozyme analysis. I do not believe that this is the 
best order in which to subsam ple tissues for these techniques, because 
m tDNA suitable for restriction fragm ent analysis deteriorates rapidly  w hen 
not frozen. A lthough every effort was m ade to prevent thaw ing of 
samples during subsam pling for the allozyme study, some tissue 
degradation m ay have occurred, affecting the final yield of m tDNA in 
some samples.
Mitochondrial D N A isolation and restriction endonuclease digestions. The 
protocols used for isolating mtDNA follow those of Lansman et al. (1981) 
and Dowling et al. (1990). Approximately 1 gm of tissue from each 
individual was ground in MSB-EDTA buffer, and subjected to four low- 
speed centrifugations (2700 X g) to remove cell debris and nuclei. The 
supernatant was then subjected to two high-speed centrifugations 
(12,000 X g) to concentrate intact mitochondria, which were then lysed 
using sodium  lauryl sulfate (SDS). M itochondrial m em branes were 
precipitated w ith cesium chloride (CsCl), the mixture centrifuged, and the 
resulting supernatant prepared for CsCl density equilibrium  
ultracentrifugation. After 36-38 hr centrifugation, closed-circular mtDNA 
w as recovered and subjected to dialysis to remove ethidium  brom ide and 
CsCl. The isolated mtDNA was stored at -20°C.
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Aliquots (12.5 |il) were digested w ith 15 to 19 restriction 
endonucleases. These endonucleases are enzymes that cleave DNA at 
specific recognition sequences. Most endonucleases used in this study 
cleave at recognition sites that are six nucleotide-base-pairs long, although 
several 4-5 base-cutting endonucleases were used on each species. The 
difference betw een 4-base-cutting endonucleases and 6-base-cutting 
endonucleases is that 4-base cutters tend cleave at m ore recognition sites 
than 6 bases-cutters. As a result, 4-base-cutters produce more restriction 
fragm ents, which increases the chance of detecting polym orphic restriction 
sites. There is a trade-off, however, because the m any small mtDNA 
fragm ents produced by 4-base-cutting endonucleases can be difficult to 
resolve from one another (see below). Following the digestions to cleave 
mtDNA, restriction fragm ents were end-labeled using the Klenow 
fragm ent of DNA Polymerase I (for both 3’ and 5' overhangs and blunt-end 
fragments) and the appropriate 35S-dNTP(s) (Dowling et al. 1990).
Fragments were separated by electrophoresis in agarose gels (0.8-1.6%) and 
visualized as bands using autoradiography. Fragment sizes were 
determ ined using a 1-kilobase ladder purchased from Bethesda Research 
Labs.
Data analysis. Each fragm ent pattern produced by a restriction 
endonuclease was given a letter resulting in a composite mtDNA 
haplotype for each individual. Separate restriction-site m aps were inferred 
for all fragm ent patterns produced by m ost restriction endonucleases. 
Restriction fragm ent patterns produced w ith 4- base-cutting endonucleases
and the 6-base-cutting endonucleases Ava  II and Stu  I often were too 
complicated to perm it inference of restriction sites. M ost restriction 
fragm ent patterns differed from one another by only one or two steps 
m aking double digestions (Dowling et al. 1990) unnecessary in inferring 
restriction site patterns. However, double digestions were used to verify 
fragm ent patterns w ith only one restriction site.
Several additional specimens were included in the mtDNA study 
that were not studied allozymically. A haplotype was determ ined for an 
individual Hypocnemis hypoxanthci, the only other m em ber of this genus, 
to be used as an outgroup for rooting the H. cantator haplotype tree. This 
specimen was collected at site 8 (Fig. 1.1, Appendix I), w here H. cantator and 
H. hypoxantha occur sympatrically. H aplotypes were also determ ined for 
one H. cantator specimen collected near Iquitos, Peru on the north  bank of 
the Amazon, and single individuals of H. cantator and M yrmeciza  
hemimelaena from a site near Puerto Linares, Dpto. La Paz, Bolivia (Fig. 3.1). 
The Puerto Linares site lies geographically betw een site 7 and sites 1-6, and 
therefore between two areas of endem ism  (Cracraft 1985) sam pled in this 
study, the Inambari (sites 7 and 8) and the Rondonian (sites 1-6). For 
Clyphorynchus spirurus, I determ ined haplotypes for two individuals from a 
site along the Rio Jiparana in Rondonia, Brazil. This site is on the east 
bank of the Rio Madeira; and therefore represents the Rondonian region, 
biogeographically (Fig. 3.1). Also, haplotypes were determ ined for six 
individuals of Leptopogon amaurocephalus collected by a 1990 LSUMNS 
expedition (Kratter et al. 1992) at a site 38 km south of site 6 in the band of 
continuous forest at the base of the Serrama de Huanchaca. Because no 






Figure 3.1. Locations of additional study localities from which 
specimens were included in the mtDNA study. Also shown 
are the two major areas of endemism sampled. Question 
marks indicate that it is not clear where the two areas come 
together.
(after allozyme studies had been completed) served to represent a third 
continuous forest site for the mtDNA studies. For each species and for 
populations w ithin each species at each of the m ain study sites (sites 1-6) 
haplotype diversity (G) was calculated using the equation of Nei (1987) 
w here G = (n / n - l) ( l-X fi2) an d /i is the frequency of the ith mtDNA 
haplotype in a sample of N  individuals.
To reconstruct haplotype phylogenies, I conducted cladistic 
parsim ony analyses using either the heuristic or branch-and-bound 
options in the com puter program  PAUP 3.1.1 (Swofford 1993). I used the 
presence and absence of restriction sites as characters for all haplotypes. 
W hen restriction sites could not be determ ined, the m issing data were 
entered into the data matrices as "?"s. For three data sets (G. spirurus, H. 
cantator, and M. hemimelaena) w ith fewer than 13 haplotypes, I assessed the 
robustness of PAUP-generated trees using the program 's bootstrapping 
procedures. Data sets w ith more haplotypes were too large and too 
unresolved to w arrant bootstrapping (see m ethods of data analysis for H. 
poecilinota and L. amaurocephalus below). I also conducted parsim ony 
analyses after weighting restriction site gains 5x restriction site losses, 
because mtDNA restriction site gains are statistically more likely than  site 
losses (Templeton 1983, Swofford and Olsen 1990).
Two data sets, those for H. poecilinota and L. amaurocephalus, had 19 
or more closely related haplotypes. As a result, it was not possible to find 
all equally m ost parsim onious trees. An additional problem  that arises 
w hen an exhaustive search for all m ost parsim onious trees is not possible, 
is that the input order of taxa can bias results (Hendy et al. 1988, M addison 
et al. 1992). Therefore, to avoid searching only a "local neighborhood" of
m ost parsim onious trees, I used m ultiple heuristic searches and the 
random  sequence addition option in PAUP (Swofford and Begle 1993).
This option random izes the input order for each search. Each heuristic 
search was stopped after 300 of the shortest trees were saved; from these, a 
50% m ajority-rule consensus tree was also determ ined and saved. After 
10-25 such replicates (an arbitrary limit), the consensus trees were 
combined into another data set and a 50% m ajority-rule consensus of these 
trees was obtained. Cladograms for all species and all analyses except those 
for Hypocnemis cantator are unrooted. W hen possible, I have presented 
topologies as "phylograms," which are cladograms w ith branch lengths 
proportional to the num ber of changes along them  (Swofford and Begle 
1993).
The restriction site data were also used to com pute p, an estimate of 
the average percent nucleotide sequence divergence betw een haplotypes 
(Nei and Li 1979). Because p values cannot be calculated from data matrices 
w ith missing data, data from some restriction endonucleases were 
excluded for all haplotypes for some species. Alternatively, for data sets 
w ith m any haplotypes among individuals from sites 1-6, I excluded some 
haplotypes that had missing data. For haplotypes from sites 1-6 ,1 
calculated p values w ith and w ithout the addition of data from restriction 
fragm ent profiles that were invariant among individuals from these sites, 
bu t that varied too m uch am ong individuals at the regional level to make 
m apping of restriction sites possible. For haplotypes from study sites 1-6 ,1 
report only the more conservative values that include the invariant sites.
To estim ate dispersal distance, I used the com puter program  
PF1YFORM w ritten by J. Neigel. The m ethods and assum ptions underlying
this procedure have been sum m arized by Neigel et al. (1991). The program  
estimates dispersal distance based on the spatial distribution of mtDNA 
lineages m odeled under a m ultigeneration random  walk process. From 
matrices of p values (see above), I obtained UPGMA phenogram s using the 
com puter program  NTSYS-pc (Rohlf 1988), version 1.40. These program s 
provided estimates of DNA lineages to be used in the PHYFORM program . 
Unlike coalescent approaches to estim ate gene flow, Neigel's approach 
does not require equilibrium  conditions betw een genetic drift and gene 
flow; however, dispersal distance is estimated, not rates of gene flow (e.g., 
Nm ). The program  requires the estim ation of generation time. I used two 
years as the generation time for each species.
R e s u l t s
The estim ated size of the mtDNA molecules in all five species were 
(± SD, range, num ber of restriction endonucleases used in  estimation): 
Glyphorynchus spirurus, 16,617 (± 224; 16,200 -16,900; N  = 12 restriction 
fragm ent profiles); Hypocnemis cantator, 16,725 (± 262; 16,300 - 17,300; N  =
10); Myrmeciza hemimelaena, 16,686 (± 84; 16,600 - 16,850; N  = 11); Hylophylax 
poecilinota, 16,720 (± 239; 16,300 - 17,000; N  = 10); Leptopogon amaurocephalus, 
16,825 (± 315; 16,600 - 17,500; N  = 8). I detected no size variants or 
heteroplasm y in mtDNA of any individuals studied.
G lyphorynchus spirurus. For G. spirurus, I surveyed 58 individuals 
from sites 1-6, and found five haplotypes (Table 3.1a). A total of seven 
endonucleases were variable (eight were invariant). For sam ples from 
sites 1-6, the overall G was 0.15. Among individuals from sites 1-6, 
haplotype G sl was the most common, occurring in 91% (53/58) of the
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Table 3.1a-e. MtDNA H aplotype distributions on a local geographic scale 
for five Am azonian species. Letters correspond to restriction site patterns 
for each variable enzyme (listed in parentheses following each species 
name). G values, at the base of each column, are m easures of haplotype 
diversity at each site. See text for the overall G values for each species.
a) G. spirurus (Bel I, Hind  ID, Hmf I, Mbo I, Msp I, Pst I, Pvu n)
Study Sites
Haplotype 1 2 3 4 5 6
Gsl. AAAAAAA 16 7 5 8 10 7
Gs2 . AEBBAAD 1 1
Gs3 . AAAADAD 1
Gs4 . DAAAEAA 1
Gs5 . AEBBAAA 1
G 0.00 0.00 0.33 0.24 0.42 0.00
b) H. cantator (Bel I, H in i I, Nde I, Stu  I)
Study Sites
Haplotype 1 2 3 4 5 6
H c l . AAAA 3 - 1 4 2
H c2 . ABBA 2 2 - 6 4
He 3 . BBAA 2 1 - 1 2 2
H c4 . GBBD 1 -
H c5 . ABBD 1 4 -
He 6 . BAAA - 2
G 0.86 0.67 1.00 0.75 0.71
c) M. hemimelaena (Bel I, Hae II, Hinc II, H ind  III, H in t I)
Haplotype
Study Sites
1 2 3 4 5 6
M h l . AAAAA 5 2
Mh2 . AADDA 1
Mh3 . AADDB 1
Mh4 . AAAAB 1 1 8 3 4 7
Mh5 . AADAB 1 1
Mh6 . AAADA 1
Mh7 . AAADB 1
M h 8 . BAAAB 1
Mh9 . ABAAB 1
G 0.72 0.90 0.24 0.00 0.60 0.00
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(Table 3.1, cont.)
d) H. poecilinota (Ban I, EcoR I, H in f I, Mbo I, Stu  I) ___________________
__________________Study Sites_______________
Haplotype________________ 1______ 2______ 3______ 4______ 5______ 6
Hpl. AAAAA 2 1 1
Hp2 . ABAAA 4 5 7 5















G 0.87 0.78 0.39 0.83 0.69 0.70
(Table 3.1, cont.)
e) L. amaurocephalus (Ava  I, II, Ban I, Be/1, Bgl I, BgZ II, Hae III, H int I, Ms/? 
I, Nde I, Psf I, Pvu II, Spe I, Stu I)
Study Sites
Haplotype 1 2 3 4 5 6a
Lai. AAAAAAEAAAAAAA 1 1
La 2 . AACAAABAAABAAA 1
La3 . BAAAAACBBCBAAA 1
La4 . AAAAAAEABABAAA 1
La 5. AAAAAABABABABA 1
La 6 . AABADACABBBABA 1
La7. BAAACA? ?AAABAA 1
La8 • BAAAAA?A?AABAA 1
La 9 . A?AA?ADAAB?BAA 1
LalO . B?AA?AAABCBAAA 1
Lall. AAAA7ABAABBAAA 2
Lal2. AAAAAABAAC CAAA 1
Lal3 . AABAAACAACAAAA 1
La 14 . BBAAAAAAAAACAA 2
Lal5 . ABAAAA?BAAAA?A 1
La 16. BBAAAAB ? AAACAA 1
Lal7 . AABAAABABBBABA 1
Lal8 . AAAAAAAABABABA 1
Lal9 . AABAAA7BBCBAA? 1
La20. AAAAAABAAABBAA 1
La21. BAAAAACAAAAAAA 1
La22 . AAAAAA?ABA?ABB 1
La23 . BA7AAACAADAAAA 1




La28 . AAABAABAAABAAA 1
La29 . BAAAAABAAABAAA 1
La3 0 . BAAA?B?AAA?BAA 1
La31. BAAA7AAABABAAA 1
G 1.00 0.90 1.00 0.90 1.00
a Samples samples were not collected in the same locality as site 6 
individuals for the other species (see text).
individuals and in more than 50% of the individuals at every site. The 
other haplotypes were found in continuous forest sites w ith the exception 
of haplotype Gs3, which occurred in one individual from site 3. G values 
for each study site were low with study sites 1, 2 and 6 having only the 
comm on haplotype (G = 0.0). In addition to the five haplotypes from sites 
1-6 ,1 found five additional haplotypes for individuals from sites 7 (2), 8 (1) 
and Rondonia, Brazil (2).
A total of 70 restriction sites was used in cladistic analyses (Table 3.2). 
For the unw eighted data (Table 3.2), ten m ost-parsim onious trees (51 steps, 
C. I. = 0.824) were found. Haplotypes from sites 1-6 form ed a clade in 80 of 
100 bootstrapped trees (Fig. 3.2a), and a clade including haplotypes G sl, Gs3, 
and Gs4 was found in 51 of the 100 bootstrapped trees. A sister relationship 
betw een the two Rondonian haplotypes and the two site 7 haplotypes was 
supported in all 100 bootstrap replicates. Am ong haplotypes from sites 1-6, 
the phylogram  shows that the two found at m ore than one study site 
(haplotypes G sl and Gs2) have fewer autapom orphies than haplotypes 
lim ited to single study sites (Fig. 3.2a). No haplotypes from sites 1-6 are 
separated in the phylogram  by more than 8 restriction sites. W hen 
restriction site gains were w eighted 5x restriction site losses, two most- 
parsim onious trees (112 steps) were found (Fig. 3.2b). As w ith  the 
unw eighted data set, trees from these analyses supported the sister 
relationship of haplotypes from Rondonia and site 7, and the clade of 
haplotypes from sites 1-6.
An additional 34 invariant restriction sites were added to these 
haplotypes before calculating p. To calculate p values at the regional level, 
63 restriction sites were used, as restriction sites from Ava  I (3), Hmf I (1),
Table 3.2. Presence or absence of 70 restriction sites in G. spirurus clones 
including two individuals collected along the Rio Jiparana, Brazil on the 
east bank of the Rio Madeira. Missing data are indicated by "?" and were 
treated as such in the analyses. Restriction enzym es (with num ber of sites 
scored in parentheses) are as follows: Ava  I (3), BamH  I (6), Ban II (7), Bel I 
(9), Bgl I (4), EcoR I (4), Hinc II (11), H ind  III (6), H int I (1), Mbo I (1), Msp I (3), 
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Figure 3.2. Cladograms of haplotypes in Gylphorynchus spirurus 
(Data from Table 3.2). Num bers in parentheses after haplotype num bers 
represent study sites where haplotypes occur. A) 50% majority-rule 
consensus phylogram  (51 steps, C.I. = 0.824) of ten trees. Num bers on tree 
are branch lengths. Num bers in parentheses following branch lengths show 
support for nodes based on 100 bootstrapped replicates. Haplotypes G sl and 
Gs site 7a have branch lengths of "0." B) Strict consensus of two trees (122 
sites) w hen restriction site gains were weighted 5x restriction site losses.
Mbo I (1), Msp I (3) were excluded (number of restriction sites excluded in 
parentheses) because of missing data for some haplotypes (Table 3.2).
Levels of estim ated percent sequence divergence, p, were low among 
haplotypes from sites 1-6 (mean p = 0.003, Table 3.3). M ean p values 
betw een haplotypes from site 7 and 8 were 0.055, and 0.048 betw een 
haplotypes from sites 1-6 and those from sites 7 and 8. In the haplotype 
cladogram s (Fig. 3.2), haplotypes from Rondonia are m ore sim ilar to those 
from  site 7 (mean p = 0.012, 4 comparisons) than to haplotypes from other 
sites. This also w hen percent sequence divergence is estim ated (mean p = 
0.064, betw een Rondonia and site 8, 2 comparisons; m ean p = 0.054 betw een 
Rondonia and haplotypes from sites 1-6, 10 comparisons).
Hypocnem is cantator. I surveyed 40 individuals of H. cantator from 
sites 1-6. From a total of 84 restriction sites, six haplotypes were found 
(Table 3.1b). Haplotypes H cl, Hc2, and Hc3 were widely distributed, 
occurring in at least four of the five sites where the species occurred (this 
species did not occur at study site 3). Haplotypes Hc4 and Hc5 occurred only 
in forest fragm ents, w ith Hc4 occurring only at site 1 (1 individual) and Hc5 
occurring at sites 1 (1 individual) and 2 (4 individuals). Haplotype Hc6 
occurred only at site 6 (2 individuals) in continuous forest. In total, 38% 
(6/16) of the individuals sam pled in forest fragm ents (sites 1 and 2) had 
haplotypes found only in forest fragments, whereas only 8% (2/24) of the 
individuals from continuous forest sites had haplotypes lim ited to 
continuous forest. The G value for all individuals was 0.77. No study site, 
even site 4 (N = 2 individuals), had only one haplotype. Distinct 
haplotypes were also determ ined for single individuals from sites 7 and 8, 
Puerto Linares, Iquitos, and H. hypoxantha (Table 3.4).
Table 3.3. Means (± standard deviations) and ranges of p-values among groups of sites at the local and 
regional levels. N  is the num ber of comparisons m ade between haplotypes. Gs = Glyphorynchus spirurus, He 
= H. cantator, M h  = Myrmeciza hemimelaena, Hp  = Hylophylax poecilinota, La = Leptopogon amaurocephalus.
Species
Gs______________ He______________ M h______________Hp______________ La
Sites l-6a 0.003 ±0.001 0.005 ±0.003 0.003 ±0.001 0.004 ±0.002 0.011 ±0.004
(0.001-0.004) (0.002-0.010) (0.001-0.005) (0.000-0.009) (0.002-0.020)
N =  10 N  = 15 N  = 36 N  = 136 N  = 136
Site 7 vs 8 0.055 0.012 0.005 0.021 0.011 ±0.007
(0.055-0.056) (0.002-0.008) (0.008-0.021) (0.004-0.018)
N  = 2 N  = 1 N  = 2 N = 2 N  = 4
Sites 1-6 vs 0.048 ±0.003 0.061 ±0.003 0.041 ±0.003 0.044 ±0.006 0.019 ±0.008
Sites 7 and 8 (0.044-0.053) (0.057-0.065) (0.035-0.046) (0.030-0.057) (0.006-0.029)
N = 10 N  = 12 N  = 27 N = 52 N  = 84
a Estimations include the addition of restriction sites for digestion patterns that did not vary on the local scale, but that had too 
much variation at the regional level to map sites.
Table 3.4. Presence or absence of 84 restriction sites in  H. cantator clones. In 
addition to clones from the 8 m ain study sites, clones from the only other 
member of the genus, H. hypoxantha are included, along w ith two individuals 
from other parts of the range of H. cantator (see text). Restriction enzymes 
(with num ber of sites scored in parentheses) are as follows: Ava  I (4), BarriH I 
(3), Bel I (9), Bgl I (6), Bgl II (4), EcoR I (9), Hae II (8), H ind  III (8), Hmf I (1), Nde I 


































Cladistic analysis of unw eighted restriction site data (Table 3.4) 
resulted in 40 equally m ost-parsim onious trees (Fig. 3.3; 78 steps, C. I. = 
0.808). In the 50% m ajority-rule consensus phylogram  for these data (with 
H. hypoxantha as an outgroup), haplotypes from site 1-6 are monophyletic 
(Fig. 3.3a); this was true in all 40 most parsim onious trees. This grouping 
also occurred in 97 of 100 bootstrapped replicates (Fig. 3.3a). None of the 
haplotypes from sites 1-6 had more than six differences from other 
haplotypes occurring at the sites. As w ith the G. spirurus data set, the 
phylogram  of unweighted data shows a w idespread haplotype, H cl, to be 
the least autapom orphic, whereas the two most autapom orphic haplotypes 
were restricted to forest fragm ents (Hc4, Hc5). The grouping of the 
haplotype from Puerto Linares w ith those of sites 7 and 8 was supported in 
78 of 100 bootstrapped replicates. The haplotype from the north bank of the 
Am azon near Iquitos clustered outside these haplotypes, but formed a 
monophyletic group w ith them  in 52 of 100 bootstrapped trees.
Two m ost-parsim onious trees (117 steps) were found w hen 
restriction site gains were weighted 5x site losses (Fig. 3.3b). Differences in 
these trees compared to those generated from unw eighted data include 
movem ent of haplotypes FIc4 and FIc5 to the base of the clade of haplotypes 
from  study sites 1-6. Also, the Iquitos haplotype is the sister-haplotype to 
the haplotypes from sites 1-6 and not a sister to those from sites 7, 8, and 
Puerto Linares. The haplotype from Puerto Linares (the site geographically 
betw een sites 7 and 8 and sites 1-6, Fig. 3.1) clusters w ith haplotypes from 
sites 7 and 8 w ith both weighted and unw eighted data. Flowever, the 
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Figure 3.3. Cladograms of haplotypes in Hypocnemis and rooted at H. 
hypoxantha (Data from Table 3.4). Num bers in parentheses after 
haplotype numbers represent study sites where haplotypes occur. A) 
50% majority-rule consensus phylogram  of 40 trees (78 steps, C.I. = 
0.808). Num bers on tree are branch lengths. Num bers in parentheses 
following branch lengths show support for nodes based on 100 
bootstrapped replicates. B) Strict consensus of two trees (117 steps) 
when restriction site gains were weighted 5x restriction site losses.
haplotype has a num ber of autapom orphies (11) m aking it quite distinct 
from other haplotypes.
Estimates of percent sequence divergence were low between 
haplotypes from sites 1-6 (mean p = 0.005, Table 3.3). The haplotypes from 
site 7 and 8 were also not very divergent (mean p = 0.017). In contrast, 
w hen haplotypes from sites 7 and 8 were compared to those from sites 1-6, 
sequence divergence was m uch greater (mean p = 0.060). Estimated p 
values for haplotypes from Puerto Linares (PL) were also divergent from 
other all other haplotypes (mean p = 0.057, PL and haplotypes from sites 1- 
6, 6 comparisons; p = 0.041, PL and site 7,1 comparison; m ean p = 0.028, PL 
and site 8, 1 comparison), as were haplotypes from Iquitos (mean p = 0.082, 
Iquitos and haplotypes from sites 1-6, 6 comparisons; p = 0.043, Iquitos and 
site 7, 1 comparison; p = 0.055, Iquitos and site 8, 1 comparison). The p 
value betw een haplotypes from Puerto Linares and Iquitos is 0.049.
Myrmeciza hemimelaena. I found nine haplotypes am ong 39 M. 
hemimelaena from sites 1-6 (Table 3.1c). The overall G value was 0.43. 
Haplotype Mh4 occurred at all sites and in 61.5% (24/39) of the individuals, 
whereas Haplotypes Mh2 (site 2), Mh3 (site 2), Mh6 (site 1) Mh7 (site 1), 
Mh8 (site 5) and Mh9 (site 5) occurred in single individuals. Haplotype 1 
was the m ost common haplotype in the forest fragm ents at sites 1 (4 
individuals) and 2 (2 individuals), but occurred nowhere else (Table 3.1c). 
H aplotype Mh5 occurred in single individuals from sites 1 and 3. Only 
12.5% (2/16) of the individuals from continuous forest had haplotypes 
restricted to continuous forest, whereas 52.2% (12/23) of the individuals 
from forest fragm ent sites had haplotypes limited to forest fragments. 
Haplotype diversity ranged from high in sites 1 (G = 0.72) and 2 (G = 0.90),
w here 5 and 4 different haplotypes were recorded, respectively, to no 
variation at sites 4 and 6 (G = 0.0, Table 3.1c). Two distinct haplotypes were 
found at site 8, and distinct haplotypes were also found in single 
individuals from site 7 and Puerto Linares (Table 3.5).
Cladistic analysis of unw eighted restriction site data (Table 3.5) 
resulted in 6 m ost-parsim onious trees (34 steps, C.I. = 0.794, Fig. 3.4a). 
H aplotypes from sites 1-6 clustered together in the six m ost parsim onious 
trees and in 100 bootstrap replicates (Fig. 3.4a). W ithin the cluster of 
haplotypes from sites 1-6, was a clade containing haplotypes Mh2, Mh3, 
and Mh5, but the node appeared in only 61 of 100 bootstrapped replicates. 
These three rare haplotypes (they each occurred in one or two individuals) 
were found only in forest fragm ents (Table 3.1c). Analysis of the weighted 
data resulted in only two m ost parsim onious trees (46 steps, Fig. 3.4b). The 
m ain differences betw een trees and those produced from  unw eighted data 
were changes in relationships among haplotypes from sites 1-6. This was 
the result of three site gains in haplotypes M hl-7 relative to haplotypes 
Mh8 and Mh9 (Fig. 3.4b, Table 3.5). As w ith unw eighted data, haplotypes 
Mh2, Mh3, and Mh5 clustered together in the w eighted analysis. At the 
regional level, haplotypes from sites 7 and 8 were similar, differing by four 
restriction sites or less, whereas the Puerto Linares haplotype clustered 
w ith haplotypes from sites 7 and 8 and sites 1-6 (Fig. 3.4a, w ithout a root for 
the tree, branching patterns are equivocal.).
The m ean p value betw een the 9 haplotypes from sites 1-6 was 0.003 
(Table 3.3). One character (a H ini 1 restriction site) was left out of the 
estim ations of p values because of missing data in some haplotypes.
Values were also low betw een haplotypes from sites 7 and 8 (mean p =
Table 3.5. Presence or absence of 58 restriction sites in M. hemimelaena clones. 
In addition to the 8 m ain study sites, an individual from Puerto Linares, 
Bolivia is also included. Restriction enzymes (with num ber of sites scored in 
parentheses) are as follows: Ava  II (10), Bel I (4), EcoR I (7), Hae II (6), Hinc II 
(11), H ind  III (9), H int I (1), Stu I (10).
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Figure 3.4. Cladograms of haplotypes in M. hemimelaena 
(Data from Table 3.5). Num bers in parentheses after haplotype 
num bers represent study sites where haplotypes occur. A) 50% 
majority-rule consensus phylogram  of six most parsimonious 
trees (34 steps, C.I. = 0.794). Numbers on tree are branch 
lengths, for haplotypes Mh3, Mh7, and Mh site 8b branch 
lengths are"0". Num bers in parentheses following branch 
lengths show support for nodes based on 100 bootstrapped 
replicates. B) Strict consensus of two trees (46 steps) when 
restriction site gains are weighted 5x site losses.
0.005). Comparisons of divergence between sites 1-6 and sites 7 and 8, 
values were substantially higher (mean p = 0.041), as were divergence 
values between the haplotype from Puerto Linares (PL) and haplotypes 
from other sites (mean p = 0.029, PL and haplotypes from sites 1-6, nine 
comparisons; p = 0.022, PL and site 7, one comparison; m ean p = 0.023, PL 
and site 8, two comparisons).
Hylophylax poecilinota. For H. poecilinota, five endonucleases were 
variable, and produced 17 haplotypes in 57 individuals (Table 3.1d).
Overall haplotype diversity was high (G = 0.830). Only three haplotypes 
(H pl, Hp2, and Hp9) occurred at more than one site. The m ost common 
haplotype, Hp2, occurred in 28.0% (16/57) of the individuals sam pled, but 
was limited in occurrence to sites 1, 2, and 5. Each forest fragm ent had 2-4 
haplotypes that were unique, while each continuous forest site had 1 or 2 
(Table 3.1d). The most striking aspect of haplotype distribution for this 
species was that all nine individuals from site 3 had either haplotype Hp7 
or Hp8, that were both unique. Thus, of the individuals from forest 
fragments, 51.6% (16/31) had haplotypes found only in forest fragm ents, 
whereas only 15.4% (4/26) of individuals from continuous forest had 
haplotypes limited to continuous forest. Haplotype diversity, G, was low at 
site 3 (0.39), whereas at the other five sites values ranged from 0.65 to 0.87. 
Distinct haplotypes were also found for individuals from sites 7 and 8 
(Table 3.6).
Because of the large num ber of haplotypes, m ost separated by only a 
few steps, it was not possible to determ ine all most parsim onious trees for 
the unw eighted data set (Table 3.6). Thus, ten 50% majority-rule consensus 
trees (each sum m arizing 300 trees, all trees saved had 26 steps) constructed
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Table 3.6. Presence or absence of 41 restriction sites for H. poecilinota. 
Restriction enzymes (with num ber of sites scored in parentheses) are as 
follows: BamH I (4), Ban I (4), EcoR I (9), H ind  III, (9), Hmf I (3), Mbo I (1), Nde I 
(6), Pst 1 (4), Pvu II (1), and Stu I (1).
H p Site 8a 1000011111011000110
H p Site 8b 1000111111011000110
H p Site 7 1000011111011000110
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Figure 3.5a. Fifty percent majority-rule consensus of haplotype 
relationships for unwieghted restriction site data in Hylophylax 
poecilinota (Data from Table 3.6). Numbers at nodes represent the 
percentage of times the node appeared in the consensus of 15 fifty percent 
majority-rule consensuses of 300 trees each (67 steps, C.I. = 0.577). 
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Figure 3.5b. Fifty percent majority-rule consensus tree of haplotype 
relationships for restriction site data in Hylophylax poecilinota, w ith 
restriction site gains weighted 5x site losses. Num bers at nodes 
represent the percentage of times the node appeared in all trees. 
N um bers in parentheses after haplotype numbers represent study sites 
where haplotypes occur.
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using heuristic searches and the random  sequence addition option in 
PAUP were sum m arized in a single 50% majority rules consensus tree (Fig. 
3.5a). There was almost no structure, w ith the exception that haplotypes 
from sites 1-6 clustered together in all trees, as did two haplotypes (Hp6, 
H p l l )  from site 1.
W hen restriction site gains were w eighted 5x site losses, the 
consensus tree of 1000 m ost parsim onious trees show ed m ore resolution 
am ong haplotypes from sites 1-6 (Fig. 3.5b). None of these additional 
relationships was supported in more than 89% of the trees surveyed. The 
two haplotypes unique to site 3, Hp7 and Hp8, did not cluster together in 
analyses of w eighted or unw eighted data; however, trees supporting this 
relationship were only one step longer than the shortest trees (27 steps, 
unw eighted data). These tw o haplotypes share a unique Hinf 1 restriction 
site gain (Table 3.6).
M ean percent sequence divergence, p, am ong the 17 haplotypes from 
sites 1-6 was 0.004 (Table 3.2). The m ean p value betw een haplotypes from 
sites 7 and 8 was 0.021, and the m ean p value betw een haplotypes from sites 
1-6 and those from sites 7 and 8 was 0.044.
Leptopogon am aurocephalus. The data set for L. amaurocephalus was 
the m ost unusual of the five species. In 34 individuals, 31 haplotypes were 
determ ined from 14 endonucleases were variable (Table 3.1e). Only 
haplotype L ai was shared betw een two study sites (5 and 6), and only two 
other haplotypes (L all and Lal4) occurred in more than one individual; 
thus, G was one or nearly so at all sites and for the species overall (G = 
0.995). Several additional haplotypes were found in  the individuals from 
sites 7 and 8.
W ith only three of 31 haplotypes occurring in more than one 
individual, nothing can be said about the effect of forest fragm entation on 
haplotype distributions in this species; however by examining haplotype 
relationships effects m ay still be seen if haplotypes from the same forest 
fragm ent tended to form sister relationships, relative to haplotypes from 
continuous forest. As w ith H. poecilinota, I analyzed the unw eighted data 
(Table 3.7) for L. amaurocephalus using the random  addition sequence 
option in PAUP. An analysis of unw eighted data was not pursued, because 
after 12 hours on a M acintosh IIvx com puter the program  had not finished 
branch-sw apping a single tree. For the unw eighted data set, I conducted 
heuristic searches using this option and saved 50% majority-rule 
consensus trees of 300 shortest trees (67 steps); this was done 25 times. I 
then used a 50% majority-rule consensus tree of the consensus trees as the 
best estimate of haplotype relationships (Fig. 3.6). In this tree (Fig. 3.6), 
haplotype "site 7a" clustered w ith haplotypes from sites 1-6 rather than 
w ith  other haplotypes from site 7. W ith the inclusion of haplotype 7a, the 
haplotypes from sites 1-6 clustered together in all trees. In some cases, 
sister relationships betw een haplotypes from the same study sites are 
supported (La25 and La26 are both from site 3, and Lal4 and Lal6 are both 
from site 2); in other cases they are not(La29 and La31 are from sites 3 and 6, 
respectively; Lal5 and La24 are from sites 1 and 2; La4 and Lal8 are from 
sites 1 and 6; La6 and Lal7 are from sites 6 and 2; and La9 and La27 are from 
sites 5 and 3; and La3 and LalO are from sites 6 and 5, Fig. 3.6). In no case do 
haplotypes from sites 1 and 2 cluster w ith a haplotype from site 3, and the 
largest num ber of restriction sites changes (12) between any two haplotypes 
from sites 1-6 are betw een haplotypes from site 1 and site 3 (LalO compared
Table 3.7. Presence or absence of 28 restriction sites in L. amaurocephalus 
clones. Restriction enzymes (with num ber of sites scored in parentheses) are 
as follows: Ava  I (1), Ava  II (1), Ban I (2), Bel I (1), Bgl I (3), Bgl II (1), Hae III (5), 
Hint I (1), Msp I (1), Nde I (4), Pst I (3), Pvu II (2), Spe I (1), Stu  I (2).
La Site 8a 0010000101000111111110000001
La Site 8b ?0??00010?????1?111110000?01
La Site 8c 1010000101000117111110000701
La Site 7a 001010001?????10111111111100
La Site 7b 1010?0010???????????10000?01
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Figure 3.6. Fifty percent majority-rule consensus tree of haplotype 
relationships in Leptopogon amaurocephalus based on unweighted 
restriction site data (Table 3.6). Num bers in parentheses after 
haplotype num bers represent study sites where haplotypes occur. 
Num bers at nodes represent percentage of instances that the node 
was present in 25 consensus trees of 300 trees each (67 steps, C. I. = 
0.418). See m ethods for further explanation.
to La25 or La26). These haplotypes are as different from one another as any 
of the haplotypes from sites 1-6 are to those from sites 7 and 8. However, 
due to the haplotype diversity in this species m uch larger sample sizes 
w ould be required to conclude anything regarding genetic structure at the 
local level.
To calculate p values in L. amaurocephalus, I excluded 16 haplotypes 
(La site 8b, La site 7c, La7, La8, La9, LalO, L a ll, Lal2, Lal5, Lal6, Lal9, La22, 
La23, La24, La30, and La31) because of missing data. To the rem aining 21 
haplotypes, I added 40 invariant restriction sites from restriction 
endonucleases that were invariant in all the samples. Thus, the total 
num ber of restriction sites in  this analysis was 68. Leptopogon 
amaurocephalus was the only species in which haplotypes from sites 7 and 8 
shared restriction fragm ent profiles w ith haplotypes from sites 1-6 for a 
num ber of invariant endonucleases. The m ean p value betw een 
haplotypes from sites 7 and 8 was similar to the other species; however, the 
m ean p value betw een these haplotypes and those from sites 1-6 was m uch 
lower than those from the other four species. For haplotypes from sites 1- 
6, the m ean p value (0.011) was two times higher than the m eans for the 
other species.
Estimates o f dispersal distance. Dispersal distances estim ated from 
mtDNA data for all five species were less than 300m (Table 3.8). Leptopogon 
amaurocephalus had the highest estimate, which is consistent w ith patterns 
from all other analyses (including allozyme data). Hylophylax poecilinota 
had a m uch lower estim ate than  the other species. This was the only one 
of the five species for which only specimens from sites 1-8 were used, and 
perhaps the fewer samples from more geographically d istant localities led
Table 4.1. Sum m ary of the agreem ent w ith predictions about the genetic 
effects of forest fragm entation for both allozyme and m tDNA data in five 
A m azonian forest birds from the Serrama de Huanchaca region (sites 1-6) 
Y = data for the species m atches predictions, N  = data for species does not 
m atch the predictions. Gs = G. spirurus, He = H. cantator, M h = M. 
hemimelaena, Hp = H. poecilinota, La = L. amaurocephalus.
Allozymes 
Percentage of polymorphic loci at 
site 3 greater than the mean value 
for conitguous forest sites
Fst values for forest fragments 
greater than those for contiguous 
forest sites
Genetic distances for conitguous 
forest sites closer to one another 
than to forest fragment sites
Number of private alleles in forest 
fragments greater than in contiguous 
forest sites
N m  less than 1.0, the level at 
which genetic differentiation at a 
site can proceed by genetic drift 
alone (Wright 1978)
Mitochondrial DNA  
G values for haplotpyes in forest 
fragments higher than in contiguous 
forest sites
Most common haplotpyes in some 
forest fragments not found in 
contiguous forest sites_____________
Gs____ He M h  Hp La
Y Ya Y N Y
N N N Y N
N Y N N N
N N N N Y
N Y Y N N
N N N N N
N Y Y Y N
a H. cantator did not occur at this site.
to an underestim ate of dispersal for this species. These estimates are all an 
order of m agnitude lower than those for well-studied N orth American 
species (Table 3.8). In fact, dispersal estimates for the South Am erican birds 
that I studied m ore closely resemble dispersal estimates for the N orth 
Am erican deer mouse, Peromyscus maniculatus, than they do other bird 
species for which data are available (Table 3.8).
D I S C U S S I O N
The m itochondrial DNA (mtDNA) data sets presented here for five 
species of Am azonian birds are am ong the first gathered for South 
Am erican birds. MtDNA has both advantages and disadvantages over 
allozymic data, because of its inheritance through m aternal lineages 
w ithout recombination. The prim ary disadvantage is that it is analogous 
to a single allozyme locus (Neigel and Avise 1986); thus, in terms of 
representing the entire genome, mtDNA is lim ited com pared to allozymes. 
A further lim itation of mtDNA is that it is m aternally inherited. This 
m eans that only female dispersal is estimated. No data are available on 
dispersal for the species I studied; thus, whether males and females 
disperse differently in these species is unknown. For purposes of this 
discussion, I assum e that males and females disperse equally. Advantages 
of mtDNA for population studies are that the molecule has a faster 
m utation rate than m ost nuclear genes (Shields and W ilson 1987); 
therefore, more variation is usually present com pared to most allozymic 
loci. Also, phylogenetic relationships among these variants (haplotypes) 
can be inferred (Avise et al. 1987). These advantages m akes this molecule 
useful for study of the genetic structure of the populations investigated, as
show n in a num ber of avian studies com paring mtDNA data to allozyme 
data (e.g., Avise and Zink 1988, Zink 1991).
Evidence for effects of forest fragmentation on genetic structure. For 
mtDNA data, geographic distribution of haplotypes combined w ith 
phylogenetic relationships am ong haplotypes allow exam ination of 
hypotheses that forest fragm entation has affected genetic structure (see 
Chapter 1, p. 6). At the local geographic level, predicted consequences of 
forest fragm entation for mtDNA data are reduced haplotype diversity (G) 
com pared to that found in continuous forest sites as a result of reduced 
population sizes. The populations in forest fragm ents m ay also have 
different haplotypes com pared to continuous forest sites due to lineage 
sorting leading to the establishm ent of alternative haplotypes (Neigel and 
Avise 1986).
Glyphorynchus spirurus populations had the fewest haplotypes (5) and 
haplotype diversity was low within sites. Populations from two of the 
forest fragments (sites 1 and 2) contained only the common haplotype as 
did site 6, a continuous forest site. The population from site 3 had one 
haplotype found nowhere else in the study, but the population from site 5 
had two haplotypes found nowhere else. Thus, G. spirurus haplotype 
diversity in the forest fragm ents was low, but not lower than that found at 
continuous forest sites. There were also no differences in haplotype 
frequencies between forest fragm ents and continuous forest sites consistent 
w ith forest fragm entation affecting mtDNA genetic structure.
In contrast to the G. spirurus data set, data sets for H. cantator, M. 
hemimelaena, and H. poecilinota all had at least one haplotype that was the 
m ost common haplotype at a forest fragm ent site, but did not occur in
continuous forest (sites 4-6). For H. poecilinota, both haplotypes at site 3 
(Hp7 and Hp8) occurred nowhere else (Table 2.Id). In H. cantator and M. 
hemimelaena, common haplotypes (Hc5 and M hl) found only in the forest 
fragments occurred at both sites 1 and 2 (Table 2.1b,c). This is not 
surprising given the close geographic proximity of the forest fragments; 
they are separated by approximately 1 km of cerrado vegetation. In addition 
to m aking dispersal betw een the two sites more likely, the close proximity 
of sites 1 and 2 also indicates that they were probably connected to one 
another more recently than they were to other sites. For all three species, 
the m ost common haplotypes from continuous forest sites also occurred in 
at least one forest fragment (Table 2.1b,c,d). In spite of these w idespread 
haplotypes that occur in both continuous forest and forest fragm ents, the 
m ost common haplotypes in some forest fragments for these three species 
are not found in continuous forest samples. These patterns suggest little 
gene flow betw een forest fragments and continuous forest, bu t not entirely 
in the m anner predicted. A prim ary prediction of genetic effects due to 
forest fragm entation was that genetic (haplotype) variation w ould be lost 
in the fragm ented populations. A lthough this is not the case, the presence 
of haplotypes in the forest fragments that do not occur in continuous forest 
samples still strongly suggests forest fragm entation has resulted in genetic 
isolation in these species.
How did the unique haplotype in these forest fragm ents evolve?
One possibility is that these endemic forest fragm ent haplotypes have 
arisen in situ, in the absence of gene flow from continuous forest. By 
chance, the new haplotypes could become more common at the expense of 
the w idespread haplotypes whose occurrence in the fragments predated
fragm entation (Neigel and Avise 1986). In the case of H. poecilinota, it is 
possible that one of the two unique haplotypes at site 3 (Hp7 or Hp8) could 
have evolved from the other w ithin the population at site 3. A lthough 
they are not sister haplotypes in the m ost-parsim onious haplotype 
phylogenies (Fig. 3.5a,b), they are in trees one step longer, and they share 
the presence of a unique restriction site for the enzyme H in i  I. In H. 
cantator and M. hemimelaena, there are some sister-relationships am ong the 
endem ic forest fragm ent haplotypes, but sister-relationships am ong these 
taxa is not the rule (Fig 3.3, 3.4).
Alternatively, the presence of w idespread haplotypes at sites 1 and 2 
in H. cantator and M. hemimelaena could be the result of dispersal into the 
forest fragments. A major difficulty w ith the explanation that the endemic 
forest fragm ent haplotypes arose in situ is that even though mtDNA is 
thought to evolve ten times faster than allozymes, based on current 
estim ates of m utation rate in mtDNA lineages (1% sequence divergence 
per lineage per million years, Moritz et al. 1987, Shields and W ilson 1987), 
there w ould appear to have been insufficient time for evolution of 
endem ic haplotypes. However, in similar studies of the effects of habitat 
fragm entation on Collared Lizards (Crotaphytus collaris) and Lichen 
Grasshoppers (Trimerotropis saxatalis) inhabiting relict grassy glades in the 
Ozark M ountains of M issouri, Templeton et al. (1990) found unique 
haplotypes along w ith w idespread ones (using mtDNA and nuclear rDNA) 
in habitat fragments thought to be approxim ately 4000 years old.
Seutin et al. (1993) also found several rare haplotypes in Streaked 
Saltator (Saltator albicollis) populations inhabiting the Pearl Islands that not 
were found in adjacent Panam anian populations. These land bridge
islands on the Pacific coast of Panama are believed to have been connected 
to the m ainland 9500 to 11000 years ago. As an explanation for the 
occurrence of these unique island haplotypes, the authors suggested that 
they could have arisen in situ or from unsam pled portions of the 
m ainland. U nsam pled continuous forest also represents a possible source 
of the endemic forest fragm ent haplotypes in the species I studied. Perhaps 
these haplotypes occur in populations to the northeast in Rondonia, Brazil 
(Fig. 1.1). If this were the case, however, it w ould seem unlikely that these 
haplotypes w ould reach the forest fragm ents, bu t not continuous forest 
sites, especially site 4 (Fig. 1.1). Thus, although mtDNA data for these three 
species do not show the predicted loss of haplotype diversity in forest 
fragm ents, the substantially different haplotype frequencies in the forest 
fragm ents (that include haplotypes found only in the forest fragm ents) 
com pared to continuous forest sites suggest gene flow is greatly reduced as 
a result of forest fragm entation.
W here G. spirurus show ed less haplotype diversity than the three 
antbirds (H. cantator, M. hemimelaena, and H. poecilinota), L. amaurocephalus 
show ed m uch more. Almost every individual surveyed had a distinct 
haplotype. This is not a unique occurrence in avian m tDNA studies. 
Tegelstrom et al. (1990) studying Pied Flycatchers (Ficedula hypoleuca) and 
Zink et al. (1991) studying Com mon Grackles (Quiscalus quiscula) also found 
high haplotype diversity in samples of individuals sim ilar to that of L. 
amaurocephalus. Tegelstrom et al. (1990) surveyed 20 individuals of the 
m igratory Pied Flycatcher from four Scandinavian sites (including two 
islands) separated from one another by up to 350 km. They found 18 
haplotypes and no geographic structure to haplotype relationships based on
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a UPGMA analysis of p values. A lthough they suggested that either high 
gene flow or ancestral retention of haplotypes could explain the lack of 
geographic structure, they could not explain the high haplotype diversity 
(they used only 4-base cutting restriction endonucleases). Noting a lack of 
allozyme variation in Pied Flycatchers from the same region (Gelter et al. 
1989), Tegelstrom et al. (1990) suggested a Pleistocene population bottleneck 
m ay have reduced genetic variation. However, sufficient time had passed 
since the bottleneck for mtDNA, but not nuclear, variation to recover.
Zink et al. (1991) surveyed 35 breeding Com mon Grackles from sites across 
the species' entire range (Louisiana to Saskatchewan) and found 29 
haplotypes. They also found no geographic structure to the haplotype 
diversity, in spite of surveying across a geographic shift in plum age 
coloration delim iting two subspecies. They suggested that the species had 
high levels of current gene flow and had recently colonized its current 
distribution.
Unlike Pied Flycatchers and Com m on Grackles, L. amaurocephalus is 
considered to be nonm igratory (Hilty and Brown 1986, Terborgh et al. 1990, 
R. T. Chesser pers. comm.); yet both mtDNA and allozyme data (Chapter 2) 
suggest less genetic differentiation occurs in this species at the regional 
level than is found in the other four species studied. In addition, L. 
amaurocephalus had the highest num ber of allozymic alleles restricted to 
single populations (private alleles, Slatkin 1985, Table 2.6). As w ith the 
m tDNA haplotypes at the local level, the private alleles, although high in 
num ber, were in low frequency; therefore, gene flow estim ates based on 
private alleles were still higher than those of other species (Table 2.6).
Thus, a recent genetic bottleneck in the Serranfa de H uanchaca region (sites
1-6) appears unlikely in this species. Like the Common Grackle, L. 
amaurocephalus may have recently spread over portions of its distribution 
and gene flow may continue across this region. Even though some 
haplotypes from the same forest fragm ent form sister relationships in L. 
amaurocephalus (Fig. 3.6), there is no evidence that forest fragm entation has 
affected m tDNA variation in this species.
MtDNA data for three of the five species suggest that forest 
fragm entation has affected genetic structure, although not in the m anner 
predicted by theoretical models of genetic change in small populations. 
M tDNA haplotype diversity did not decrease in the forest fragments, 
possibly because effective population sizes are and have been large enough 
to prevent this. An alternative possibility is that im m igration from 
continuous forest, including continuous forest regions not surveyed, 
m aintains haplotype diversity. H aplotype diversity in the continuous 
forest sites was not lower than the haplotype diversity of forest fragments; 
however, the common haplotypes found at continuous forest sites tended 
to be w idespread. Finally, there is an apparent phylogenetic com ponent to 
patterns of mtDNA variation. The three species that exhibited genetic 
effects of forest fragm entation are all antbirds (Formicariidae) and the two 
species that did not are a flycatcher (Tyrannidae) and a woodcreeper 
(Dendrocolaptidae). This taxonomic correlation could also be due to more 
ecological of behavioral differences among the five species. For instance, 
all three antbirds may use lower portions of the forest than the flycatcher 
and woodcreeper (Pers. obs.). At the level of species distributions, both G. 
spirurus and L. amaurocephalus differ from the three antbirds by having 
extensive distributions north of Amazonia. Thus, a phylogenetic
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com ponent at the level of suboscine families is not clearly supported. 
Testing this possibility w ould require data from other species, particularly 
other understory flycatchers (e.g., Hemitriccus minor and Corythopis torquata) 
and antbird species that forage higher in the forest (e.g., Myrmotherula spp., 
Thamnophilus spp.).
M tD N A  structure at the regional level. As described earlier, sites 7 
and 8 are biogeographically part of the Inambari region, whereas sites 
1-6 (and the Rondonia site in the case of G. spirurus) are part of the 
Rondonian region (Fig. 3.1). Levels of percent sequence divergence (p 
values) betw een haplotypes support a division betw een sites 7 and 8 
and sites 1-6 in four of the five species. Mean percent sequence 
divergence between sites 7 and 8 and sites 1-6 in G. spirurus, H. cantator,
M. hemimelaena, and H. poecilinota is 4.4% or greater (Table 3.3). The 
exception was L. amaurocephalus in which m ean percent sequence 
divergence between haplotypes between these sites was only 1.9%. In 
contrast, m ean percent sequence divergence betw een haplotypes from 
sites 7 and 8 (sites w ithin the Inambari refugium) was betw een 1.1 and 
2.1% for all species except G. spirurus for which percent sequence 
divergence was high (5.5%). For H. cantator and M. hemimelaena, the 
single haplotypes from Puerto Linares, Bolivia, a site geographically 
betw een sites 1-6 and sites 7 and 8 (Fig. 3.1), exhibited at least 2.2% 
sequence divergence from haplotypes at all other sites. This high level 
of haplotype differentiation between site suggests that significant 
population subdivision in southeastern Am azonia may not be 
restricted to populations delim ited by the Rondonian and Inambari 
regions.
Because sample sizes are small and genetic structure of 
intervening populations is unknow n, conclusions about how truly 
subdivided southeastern A m azonian populations are m ust be 
tentative. However, the sequence divergence betw een sam ples from 
different sites across southeastern Am azonia are higher than the 
divergence between m any accepted sister species, such as the rails, 
Rallus elegnns and R. longirostris (0.6% divergence, Avise and Zink 1988) 
and the grackles, Quiscalus major and Q. mexicanus (1.6%, Avise and 
Zink 1988). For all five species, southeastern Am azonia represents 
only a small portion of the species' geographic distribution (less than 
25%). I presented data for a single H. cantator haplotype from Iquitos, 
Peru which further expands the proportion of the geographic range 
sam pled in this species. This haplotype is also highly divergent from 
all other haplotypes. If these data are indicative of overall genetic 
subdivision in this species, m tDNA differentiation in H. cantator, as it 
is currently defined, is sim ilar to that found in avian genera reviewed 
by Avise and Ball (1991) and Seutin et al. (1993). Seutin et al. (1993) 
reported high levels of haplotype divergence w ithin another 
neotropical species, the Streaked Saltator (Saltator albicollis). In this 
species, m ean estim ated sequence divergence am ong populations from 
Panam a, w estern Peru and islands in the Lesser Antilles was 6.3%.
The high levels of sequence divergence reported by Seutin et al. (1993) 
and in my study, relative to those reported for m any other birds, may 
be the result of lower dispersal rates in these species coupled w ith 
longer evolutionary histories in their current distributions.
In G. spirurus, the two Rondonian haplotypes clustered w ith 
haplotypes from site 7 in all analyses. Thus, haplotype relationships in 
this species do not correlate w ith m orphology. Both the Rondonian 
and Serranfa de Huanchaca specimens (sites 1-6) from this species 
resemble each other m orphologically and have been placed in a 
subspecies different from specimens from site 7. Despite lack of 
haplotype diversity w ithin  the Serrania de Huanchaca region in G. 
spirurus, haplotypes from sites 1-6 are differentiated from those in the 
populations at site 7 and Rondonia. More sam pling in intervening 
regions w ould be required to clarify this pattern, bu t these data suggest 
that the southern Huanchaca populations could have been separated 
from  populations in either refugium  (Rondonian or Inam bari) at a 
time w hen gene flow betw een these two regions still occurred further 
north .
As discussed earlier, the low level of percent sequence 
divergence betw een L. amaurocephalus populations at the regional level 
correlates w ith similarly low allozymic distance values betw een 
populations. In both data sets, the population from site 7 (or a m ember 
of it in term s of mtDNA data) fell inside populations from sites 1-6. I 
suggest that both current gene flow and recent range expansion into 
some parts of this region m ay explain the relative lack of genetic 
divergence at the regional level in L. amaurocephalus com pared to the 
other study species.
Dispersal distances. As with data for Common Grackles (Zink et al. 
1991), use of coalescents (Slatkin and M addison 1989) to estimate gene flow 
(Nm) was precluded by the num ber of w idespread haplotypes at the local
geographic level. In contrast, the m ethod described by Neigel et al. (1991) is 
not as restrictive. The low estim ated dispersal distances in the five 
A m azonian species relative to the five N orth Am erican species (Table 3.8) 
are w hat one w ould predict because of better dispersal capabilities in the 
N orth Am erican species. All five N orth  Am erican species are m igratory, 
whereas all five Am azonian species are thought to be sedentary. Historical 
distributions m ay play an additional role in that m uch of the distributions 
of the five N orth  American species are likely the result of range expansion 
since the Pleistocene, which may be less true for the Am azonian species.
Neigel et al. (1991) were able to compare the dispersal estimates from 
m tDNA data w ith published estimates from m ark-and-recapture studies 
for the N orth American deer mouse (Peromyscus maniculatus). They found 
estimates from the two approaches to be comparable. Dispersal estimates 
from m ark-and-recapture data are available for several of the N orth 
American birds from Table 3.8 (Barrowclough 1983, Moore and Dolbeer 
1989), and these differ from those estim ated from mtDNA data. For 
instance, estim ated dispersal in an Ohio population of Song Sparrows 
based on m ark and recapture data was only 344 m (Barrowclough 1983), 
whereas the value estim ated from a continent-w ide m tDNA data set (Zink 
1991) was 6.1 km (Zink and Dittm ann in press). Moore and Dolbeer (1989) 
used continent-w ide U. S. Fish and W ildlife Service banding recoveries to 
estim ate dispersal as 111 km in Com m on Grackles. This value is m uch 
higher than that estim ated from mtDNA data (6.8 km, Neigel and Avise in 
press, Table 3.8). Unfortunately, no estimates of dispersal based on mark- 
and-recapture data exist for any neotropical birds, m uch less the five study 
species; however, I hope to estimate dispersal distance for G. spirurus, H.
cantator, and H. poecilinota from m ark-and-recapture data gathered over 15 
years by the Biological Dynamics of Forest Fragments Project in M anaus, 
Brazil (Lovejoy et al. 1983, Bierregaard and Lovejoy 1989).
C h a p t e r  4 
S u m m a r y  a n d  c o n c l u s i o n s  
The two hypotheses that I proposed to investigate at the outset of 
this study involved genetic structure in five Neotropical species of birds at 
two geographic scales (Chapter 1, Pp. 6-7). At the local geographic scale 
(sites less than 150 km apart), I hypothesized that relative to genetic 
structure in  continuous forest populations, genetic structure of 
populations inhabiting natural forest fragments w ould be affected as a 
result of small population size leading to increased inbreeding and genetic 
drift. Change in genetic structure in forest fragm ent populations was 
hypothesized to include a loss of genetic variation relative to continuous 
forest populations, and greater genetic differentiation in forest fragm ent 
populations relative to comparably spaced continuous forest populations.
Allozyme data did not clearly support these hypotheses for any of 
the five species. MtDNA data were consistent w ith forest fragm entation 
affecting genetic structure in populations of three species (Table 4.1). 
However, the nature of the effects was genetic differentiation, w ith the 
occurrence of unique haplotypes in the forest fragments, rather than a loss 
of genetic variation. The data sets for H. cantator, M. hemimelaena, and H. 
poecilinota all had at least one haplotype that was the m ost common 
haplotype at a forest fragm ent site, but did not occur in continuous forest. 
The occurrence of these endemic forest fragm ent haplotypes suggests that 
little gene flow occurs betw een these sites and sites in continuous forest. 
For Glyphon/nchus spirurus data, neither allozymes nor mtDNA data
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Table 4.1. Summary of the agreem ent w ith predictions about the genetic 
effects of forest fragm entation for both ailozyme and m tDNA data in five 
Am azonian forest birds from the Serranfa de Huanchaca region (sites 1-6). 
Y = data for the species matches predictions, N  = data for species does not 
m atch the predictions. Gs = G. spirurus, He = H. cantator, Mh = M. 
hemimelaena, Hp = H. poecilinota, La = L. amaurocephalus.
Gs He M h  Hp La
Allozvmes
Percentage of polymorphic loci at Y Ya Y N Y
site 3 greater than the mean value 
for conitguous forest sites
FST values for forest fragments N N N Y N
greater than those for contiguous 
forest sites
Genetic distances for conitguous N Y N N N
forest sites closer to one another 
than to forest fragment sites
Number of private alleles in forest N N N N Y
fragments greater than in contiguous 
forest sites
N tn  less than 1.0, the level at N Y Y N N
which genetic differentiation at a 
site can proceed by genetic drift 
alone (Wright 1978)
Mitochondrial DNA  
G values for haplotpyes in forest N N N N N
fragments higher than in contiguous 
forest sites
Most common haplotpyes in some N Y Y Y N
forest fragments not found in
contiguous forest sites ___________________________________________
a H. cantator did not occur at this site.
showed the predicted genetic effects of forest fragm entation. However, 
local level genetic variation in G. spirurus, as m easured by the two 
m olecular data sets, was quite different in that allozyme variation, 
m easured by heterozygosity, was quite high, whereas mtDNA variation, 
m easured by haplotype diversity, was low. Allozymic data for L. 
amaurocephalus suggested a loss of genetic variation in the sm allest forest 
fragm ent (site 3, Table 2.2), and greater differentiation in the forest 
fragments was suggested by higher F st values among forest fragm ents than 
among continuous forest sites (Table 2.3). The mtDNA data set, w ith  its 
high haplotype diversity, did not show patterns suggesting genetic effects of 
forest fragm entation had occurred. Thus, three of the five species showed 
changes in mtDNA structure consistent w ith the hypothesis that forest 
fragm entation has affected genetic structure, bu t genetic variation does not 
appear to have been lost in most forest fragm ent populations of these 
species.
At the regional level (sites separated by 550-1750 km) I predicted that 
genetic structure in Neotropical birds w ould be greater than that found in 
comparable studies of N orth American birds, because dispersal in 
Neotropical birds is apparently lower and they have probably occupied 
their present ranges for a longer period of time. Allozymes and mtDNA 
data for all five species supported this prediction. A lthough both data sets 
also suggested that L. amaurocephalus populations were m uch less 
divergent from one another than populations of the other four species, 
these populations were still more differentiated from one another than 
comparable populations of m any tem perate birds.
The patterns of genetic divergence at the regional level are 
consistent w ith a genetic break occurring betw een the Rondonian and 
Inam bari regions. In L. amaurocephalus, both allozymes and mtDNA 
suggest that populations have shared genes m ore recently betw een sites in 
the different refugia than the other four species. Thus, this species m ay 
have expanded recently into parts of the region and could m aintain some 
current gene flow. In the other four species, differentiation in both 
allozymes and mtDNA at the regional level is as great as that found am ong 
m any avian species in sim ilar molecular studies. M tDNA data further 
suggest that for H. cantator, M. hemimelaena and G. spirurus, significant 
population subdivision m ay also occur w ithin regions. Finally, molecular 
data suggest that populations of G. spirurus may be paraphyletic w ith respect 
m orphology because haplotypes from the Rondonian region (the 
Rondonian site and sites 1-6) do not form sister relationships in haplotype 
phylogenies (Fig. 3.2). The levels of genetic divergence are clearly 
substantial at the regional scale in at least four of the species, bu t w hether 
these populations are truly disconnected genetically will not be know n 
until populations are sam pled betw een those I studied.
Estimates of gene flow and dispersal. I estim ated the num ber of 
dispersers (Nm) from allozyme data using Slatkin's (1985) private alleles 
method. I also estim ated dispersal distance from mtDNA data using the 
m ethods of Neigel et al. (1991). Moore and Dolbeer (1989) noted that both 
gene flow and dispersal distance have been generally high for the N orth  
American species that have been studied. For the five Am azonian 
understory species in my study, estimates of N m  (allozymes) and dispersal
distance (mtDNA) dem onstrate that gene flow in these species is m uch 
lower than in m ost tem perate N orth American birds.
Relevance to conservation biology. The prim ary goal of this study was 
to investigate w hether forest fragm entation affected genetic structure in 
the five study species. As outlined above, there are differences in genetic 
structure betw een populations in forest fragm ents and populations in 
continuous forest for at least three of the species that are consistent w ith 
forest fragm entation affecting genetic structure. However, as also noted 
above, the results were not w hat I predicted. Possible reasons m ight be 
useful in guiding future studies on the genetic consequences of habitat 
fragmentation. Below, I discuss how age of habitat fragments, the history 
of population size in the habitat fragments, and historical genetic structure 
of the taxa being studied can influence inferences about genetic effects due 
to habitat fragmentation. I finish by discussing genetic differentiation in 
A m azonian bird populations and the implications for conservation in 
A m azonia.
Tem pleton et al. (1990) noted that for genetic subdivision to develop, 
habitat fragm ents m ust have existed for sufficiently long periods of time. I 
do not know the ages of the forest fragments I studied, bu t they are several 
orders of m agnitude older than  m an-m ade forest fragm ents in Amazonia 
and probably similar in age to the 4000-10,000 years estim ated by 
Tem pleton et al. (1990) for glades in the Ozark m ountains of Missouri. 
Despite this seemingly long period of isolation, patterns are difficult to 
interpret w ith respect to forest fragm entation and its effect on genetic 
structure in my study. Thus, if patterns can be difficult to detect in 
fragm ented habitats that are thousands of years old, populations in man-
m ade habitat fragm ents will not have had sufficient time to exhibit genetic 
effects related to fragm entation unless population bottlenecks are very 
severe. Perhaps hypervariable genetic m arkers m ight be used to m onitor 
such populations, but these data are likely to be useful m ore as baseline 
data for assessing change in genetic structure at a future time, than to 
address w hether m an-m ade habitat fragm entation has affected genetic 
structure in the recent past.
The forem ost expectation of change in genetic structure in habitat 
fragm ents is the loss of genetic variation due to increased inbreeding, 
genetic drift and lack of gene flow from neighboring populations. W hen I 
com pared genetic variation in populations from forest fragm ents w ith that 
of populations from adjacent continuous forest, I found little evidence of 
any loss in either allozymic or mtDNA data sets. A lthough not predicted, 
this result m ay not be too surprising. Population sizes in the forest 
fragments have decreased as the size of the forest fragm ents decreased, but 
this also implies that effective population sizes have been larger 
historically. If there have been no population crashes, and population size 
has simply gotten smaller gradually, a loss of genetic variation w ould be 
difficult to detect. In terms of change in population size, this is the 
opposite of w hat happens in the colonization of oceanic islands, where loss 
of genetic variation relative to the source population is expected in the 
islands as a result of founder effects.
My data also reveal different levels of genetic variation and 
differentiation in co-distributed species. If between-species differences in 
genetic structure predate habitat fragm entation, these differences may 
influence intraspecific genetic structure following fragm entation. This is
w hat Hackett (1992) term ed the "initial conditions" hypothesis as an 
explanation for differences in levels of genetic differentiation am ong avian 
lineages thought to have been influenced by shared vicariant events in 
northern  South America and adjacent Central America. Initial conditions 
in my study that could influence genetic structure resulting from 
fragm entation m ight include initial levels of mtDNA haplotype diversity. 
For instance, high haplotype diversity in L. amaurocephalus and low 
haplotype diversity in G. spirurus, relative to the other three study species, 
may predate forest fragmentation. Low haplotype diversity as an initial 
condition makes changes in haplotype diversity difficult to detect, whereas 
high haplotype diversity as an initial condition can make haplotype 
relationships at the local level difficult to resolve. Thus, in any study of 
the genetic effects of habitat fragm entation, it is im portant to know as 
m uch as possible about either pre-existing genetic structure (initial 
conditions) in the taxa of concern or genetic structure of other populations 
in continuous habitat. My data provide baseline data for natural 
populations in both fragm ented and continuous forest.
Avise (1989) noted that molecular data can be useful in the field of 
conservation biology, because such data can assess "phylogenetic 
discontinuities w ithin and am ong species." The data I have presented 
show levels of genetic differentiation betw een populations from weakly 
differentiated subspecies (and in some cases, populations w ithin 
subspecies) that are as great as found between many well-differentiated 
species of tem perate birds. Ai>_ these data uncovering "phylogenetic 
discontinuities" and the "genetic distinctiveness" of these populations? 
They may be, but the question that rem ains to be answ ered is w hether
apparent genetic distinction between these populations exists w here they 
come together. In spite of this unansw ered question, my data agree w ith 
data from other studies (Capparella 1988, Peterson, 1990, Hackett and 
Rosenberg 1990, Peterson et al. 1992, Hackett 1993, Seutin et al. 1993) that 
genetic differentiation among populations of m any Neotropical birds is 
m uch greater than comparable populations of tem perate birds. Reasons for 
this differentiation probably include the sedentary nature of these species 
combined w ith a longer history in m uch of their present day distributions 
(compared to tem perate species). That such high genetic differentiation 
occurs in birds, a group generally exhibiting low levels of genetic 
differentiation that are attributed to high levels of gene flow 
(Barrowclough 1983, Cooke 1987, Barrowclough and Johnson 1988) suggests 
that populations of other Neotropical organisms w ithout the dispersal 
capabilities of birds could also show greater genetic structure than is 
currently recognized. If so, it is critical that we incorporate this genetic 
structure into plans for habitat preservation in Amazonia.
Lit e r a t u r e  c it e d
Avise, J. C. 1989. A role for molecular genetics in the recognition and 
conservation of endangered species. Trends Ecol. Evol. 4:279-281.
Avise, J. C. and R. M. Ball, Jr. 1991. Mitochondrial DNA and avian 
microevolution. Proc. Int. Ornithol. Cong. 20:514-524.
Avise, J. C. and W. S. Nelson. 1989. Molecular genetic relationships of the 
extinct Dusky Seaside Sparrow. Science 243:646-648.
Avise, J. C. and R. M. Zink. 1988. Molecular genetic divergence betw een 
avian sibling species: King and Clapper rails, Long-billed and Short­
billed dowitchers, Boat-tailed and Great-tailed Grackles, and Tufted 
and Black-crested titmice. Auk 105:516-528.
Avise, J. C., J. Arnold, R. M. Ball, E. Bermingham, T. Lamb, J. E. Neigel, C. 
A. Reeb, and N. C. Saunders. 1987. Interspecific phylogeography: the 
m itochondrial DNA bridge betw een population genetics and 
systematics. Annu. Rev. Ecol. Syst. 18:167-180.
Baker, A. J. 1992. Genetic and m orphom etric divergence in ancestral
European and descendent New Zealand populations of chaffinches. 
Evolution 46:1784-1800.
Baker, A. J. and A. Moeed. 1987. Rapid differentiation and founder effect 
in colonizing populations of Common Mynas (Acridotheres tristis). 
Evolution 41:525-538.
Baker, A. J., M. D. Dennison, A. Lynch, and G. Le Grand. 1990. Genetic
divergence in peripherally isolated populations of chaffinches in the 
Atlantic islands. Evolution 44:981-999.
Ball, R. M., Jr., S. Freeman, F. C. James, J. E. Bermingham, and J. C. Avise. 
1988. Phylogenetic population structure of Red-winged Blackbirds 
assessed by mitochondrial DNA. Proc. Natl. Acad. Sci. USA 85:1558- 
1562.
Barrowclough, G. F. 1980. Genetic and phenotypic differentiation in a 
wood warbler (genus Dendroica) hybrid zone. Auk 97:655-668.
Barrowclough, G. F. 1983. Biochemical studies of m icroevolutionary 
processes. Pp. 223-261, In A. H. Brush and G. A. Clark, Jr. (Eds.), 




Barrowclough, G. F., and N. K. Johnson. 1988. Genetic structure of N orth 
Am erican birds. Proc. Int. Ornithol. Cong. 19:1630-1645.
Bates, J. M., M. C. Garvin, D. C. Schmitt, and C. G. Schmitt. 1991. Notes on 
bird distribution in northeastern Dpto. Santa Cruz, Bolivia, w ith  15 
species new to Bolivia. Bull. Brit. Orn. Club 109:236-244.
Bates, J. M., T. A. Parker, III, A. P. Capparella and T. J. Davis. 1992. Notes 
on bird distribution in northeastern Santa Cruz, Bolivia II, w ith  21 
species new to the country. Bull. Brit. Orn. Club 112:86-98.
Baverstock, P. R. and C. Moritz. 1990. Sampling design. Pp. 13-24, In D. M. 
Hillis and C. Moritz (Eds.). Molecular Systematics. Sinauer 
Associates, Inc., Sunderland, M assachusetts.
Bierregaard, R. O., Jr. and T E. Lovejoy. 1989. Effects of forest
fragm entation on Am azonian understory  bird comm unities. Acta 
Am azonica 19:215-241.
Brown, W. M. 1980. Polym orphism  in m itochondrial DNA of hum ans as 
revealed by restriction endonuclease analysis. Proc. Natl. Acad. Sci. 
U.S.A. 77:3605-3609.
Capparella, A. P. 1987. Effects of riverine barriers on genetic differentiation 
of Am azonian forest undergrow th  birds. Unpubl. Ph. D. 
dissertation, Louisiana State University, Baton Rouge, Louisiana.
Capparella, A. P. 1988. Genetic variation in neotropical birds: implications 
for the speciation process. Proc. Int. Ornithol. Cong. 19:1658-1664.
Colinvaux, P. A. and K. Liu. 1987. The Late-Quaternary climate of the
w estern Amazon basin. Pp. 113-122, In W. H. Berger and D. Labeyrie 
(Eds.), A brupt Climatic Change. Reidel Publishing, Boston, 
M assachusetts.
Cooke, F. 1987. Assaying genetic variation. Pp. 199-204, In F. Cooke and P. 
A. Buckley (Eds.), Avian genetics. Academic Press, New York.
Corbin, K. W. 1987. Geographic variation and speciation. Pp. 321-353, In F. 
Cooke and P. A. Buckley (Eds.), Avian genetics. Academic Press,
New York.
Cracraft, J. 1989. Deep history biogeography: retrieving the historical 
pattern  of evolving continental biotas. Syst. Zool. 37:221-236.
100
Cracraft, J. 1985. Historical biogeography and patterns of differentiation 
w ithin the South Am erican areas of endemism. Pp. 49-84, In P. A. 
Buckley, M. S. Foster, E. S. Morton, R. S. Ridgley, and F. G. Buckley 
(Eds.), Neotropical ornithology. Am. Ornithol. U nion, W ashington 
D. C.
Degnan, S. M. and C. Moritz. 1992. Phylogeography of m itochondrial 
DNA in two species of white-eyes in Australia. A uk 109:800-811.
Douglas, M. E. and J. A. Endler. 1982. Quantitative matrix com parison in 
ecological and evolutionary investigations. J. Theor. Biol. 99:777- 
795.
Dowling, T. E. C. Moritz, and J. D. Palmer. 1990. Nucleic acids II: restriction 
site analysis. Pp. 250-317, In D. M. Hillis and C. Moritz (Eds.). 
M olecular systematics. Sinauer Associates, Inc. Sunderland, 
M assachusetts.
Felsenstein, J. 1985. Confidence limits on phylogenies w ith a m olecular 
clock. Syst. Zool. 34:152-161.
Fleischer, R. C. 1983. A com parison of theoretical and electrophoretic 
assessments of genetic structure in populations of the Plouse 
Sparrow (Passer domesticus). Evolution 37:1001-1009.
Frankel, O. H., and M. E. Soule. 1981. Conservation and Evolution. 
Cambridge University Press, Cambridge.
Gabriel, K. R. and R. R. Sokal. 1969. A new statistical approach to 
geographic variation analysis. Syst. Zool. 18:259-278.
Gavin, T. A., R. A. How ard, and B. May. 1992. Allozyme variation among 
breeding populations of Red-winged Blackbirds: The California 
conondrum . Auk 108:602-611.
Gelter, H. P., H. Tegelstrom, and G. Stahl. 1989. Allozyme similarity
betw een the Pied and Collared flycatchers (Aves: Ficedula hypoleuca 
and F. albicollis). Hereditas 11:65-72.
Goodland, R. 1971. A physiognom ic analysis of the cerrado vegetation of 
central Brazil. J. Ecol. 59:411-419.
Grant, W. S. and R. M. Little. 1992. How sedentary are Greywing 
Francolins (Francolinus africanus). Evolution 46:1477-1491.
101
G rudzien, T. A., W. S. Moore, J. R. Cook, and D. Tagle. 1987. Genetic
population structure of the N orthern Flicker (Colaptes auratus) hybrid 
zone. Auk 104:654-664.
Hackett, S. J. 1993. Phylogenetic and biogeographic relationships in the 
neotropical genus Gymnopithys (Formicariidae). W ilson Bull. 
105:301-315.
Hackett, S. J. 1992. Molecular phylogenies and biogeography of Central 
American birds. Unpubl. Ph. D. Diss. Louisiana State University, 
Baton Rouge, Louisiana.
Hackett, S. J., and K. V. Rosenberg. 1990. A comparison of phenotypic and 
genetic and differentiation in South Am erican antw rens 
(Formicariidae). Auk 107:473-489.
Haffer, J. 1987. Biogeography of Neotropical birds. Pp. 105-150 in
Biogeography and quaternary history in tropical America (T. C. 
W hitmore and G. T. Prance, eds.). Clarendon Press, Oxford.
Haffer, J. 1985. Avian zoogeography of the Neotropical lowlands. Pp. 113- 
146, In P. A. Buckley, M. S. Foster, E. S. Morton, R. S. Ridgley, and F. 
G. Buckley (Eds.), Neotropical ornithology. Am. Ornithol. Union, 
W ashington D. C.
Haffer, J. 1974. Avian speciation in tropical South America. Publ. N uttall 
Ornithol. Club. 14.
Haffer, J., and J. W. Fitzpatrick. 1985. Geographic variation in some
Am azonian forest birds. Pp. 147-168, In P. A. Buckley, M. S. Foster, E. 
S. Morton, R. S. Ridgley, and F. G. Buckley (Eds.), Neotropical 
ornithology. Am. Ornithol. Union, W ashington D. C.
Hendy, M. D., M. A. Steel, D. Penny, and I. M. Henderson. 1988. Families 
of trees and consensus. Pp. 355-362, In H. H. Bock (Ed.), Classification 
and Related M ethods of Data Analysis. Elsevier, Amsterdam .
Hernandez-M artich, J. D. 1990. Patterns of genetic variation in Eastern 
M osquitofish (Gambusia holbrooki G irard) from the Piedm ont and 
Coastal Plain of three drainages. Copeia 1990:619-630.
Hillis, D. M. and C. Moritz, (Eds.). 1990. Molecular Systematics. Sinauer 
Associates, Inc., Sunderland, M assachusetts.
Hilbish, T. J. and R. K. Koehn. 1985. Exclusion of the role of secondary 
contact in an allele frequency cline in the mussel Mytilus edulis. 
Evolution 39:432-443.
Hilty, S. L. and W. L. Brown. 1986. A Guide to the Birds of Colombia. 
Princeton Univ. Press, Princeton, New Jersey.
James, F. C. 1983. Environm ental com ponent of morphological 
differences in birds. Science 221:184-186.
Johnson, N. K. and J. A. Marten. 1988. Evolutionary genetics of flycatchers. 
II. differentiation in the Empidonax difficilis complex. Auk 105:177- 
191.
Johnson, N. K. and J. A. M arten. 1992. M acrogeographic patterns of
m orphom etric and genetic variation in the Sage Sparrow complex. 
Condor 94:1-19.
Johnson, N. K., and R. M. Zink. 1983. Speciation in the sapsuckers 
(Sphyrapicus): I. genetic differentiation. Condor 100:871-884.
Johnson, N. K., R. M. Zink, G. F. Barrowclough, and J. A. Marten. 1984. 
Suggested techniques for m odern avian systematics. W ilson Bull. 
96:543-560.
Kratter, A. W., M. D. Carreho, R. T. Chesser, J. P. O'Neill, and T. S. Sillett. 
1992. Further notes on bird distribution in northeastern Dpto. Santa 
Cruz, Bolivia, w ith two species new to Bolivia. Bull. Brit. Orn. Club 
112:143-150.
Lande, R. 1988. Genetics and dem ography in biological conservation. 
Science 241:1455-1460.
Lansman, R. A., R. O. Shade, J. F. Shapira, and J. C. Avise. 1981. The use of 
restriction endonucleases to m easure m itochondrial DNA 
relatedness in natural populations. III. Techniques and potential 
applications. J. Molec. Evol. 17:214-226.
Lawson, R., C. P. Kofron, and H. C. Dessauer. 1989. Allozyme variation in 
a natural populatior of the Nile Crocodile. Am Zool. 29: 863-871.
Leberg, P. L. 1992. Effects of population bottlenecks on genetic diversity as 
m easured by allozyme electrophoresis. Evolution 46:477-494.
Leberg, P. L. 1991. Influence of fragm entation and bottlenecks on genetic 
divergence of Wild Turkey populations. Conservation Biology 
5:522-530.
Lovejoy, T. E., R. O. Bierregaard, Jr., A. B. Rylands, J. R. Malcolm, C. E. 
Quintela, L. H. Emmons, J. K. S. Brown, A. PI. Powell, G. V. N. 
Powell, H. O. R. Shubart, and M. B. Hays. 1983. Edge and other 
effects of isolation on Amazon forest fragments. Pp. 258-285, In M. E. 
Soule (Ed.), Conservation Biology: the Science of Scarcity and 
Diversity. Sinauer Associates, Inc., Sunderland, M assachusetts.
Lubchenco, J., A. M. Olson, L. B. Brubaker, S. R. Carpenter, M. M. Holland, 
S. P. Hubbell, S. A. Levin, J. A. MacMahon, P. A. M atson, J. M.
Meillo, H. A. Moona* _. H. Peterson, H. R. Pulliam, L. A. Real, P. J. 
Regal, P. G. Risse*. 1991. The sustainable biosphere initiative: an 
ecological research agenda. Ecology 72:371-412.
M acArthur, R. H. and E. O. Wilson. 1967. The theory of island
biogeography. M onographs in population biology no. 1. Princeton 
Press, Princeton, New Jersey.
M addison, D. R., M. Ruvolo, and D. L. Swofford, 1992. Geographic origins 
of hum an m itochondrial DNA: phylogenetic evidence from  control 
region sequences. Syst. Zool. 41:111-124.
Mantel, R. M. 1967. The detection of disease clustering and a general 
regression approach. Cancer Res. 27:209-220.
Moore, W. S. and R. A. Dolbeer. 1989. The use of banding recovery data to 
estimate dispersal rates and gene flow in avian species: case studies 
in the Red-winged Blackbird and Common Grackle. Condor 91:242- 
253.
Moritz, C., T. E. Dowling, and W. M. Brown. 1987. Evolution of animal 
m itochondrial DNA: relevance for population biology and 
systematics. Ann. Rev. Ecol. Syst. 18:269-292.
M urphy, R. W., J. W. Sites, Jr., D. G. Buth, and C. H. Haufler. 1990.
Proteins 1: isozyme electrophoresis. Pp. 45-126, In D. M. Hillis and C. 
Moritz, (Eds.). Molecular Systematics. Sinauer Assoc., Inc., 
Sunderland, M assachusetts.
Nei, M. 1978. Estimation of average heterozygosity and genetic distance 
from a small num ber of individuals. Genetics 89:583-590.
104
Nei, M. 1987. Molecular Evolutionary Genetics. Columbia Univ. Press, 
New York, New York.
Nei, M., and W. H. Li. 1979. Mathematical m odel for studying genetic 
variation in terms of restriction endonucleases. Proc. Natl. Acad.
Sci. USA 76:5269-73.
Nei, M., T. M aruyam a, and R. Chakraborty. 1975. The bottleneck effect and 
genetic variability in populations. Evolution 29:1-10.
Neigel, J. E., and J. C. Avise. 1986. Phylogenetic relationships of
m itochondrial DNA under various dem ographic m odels of 
speciation. Pp. 513-534, In E. Nevo and S. Karlin (Eds.), Evolutionary 
Processes and Theory. Academic Press, New York.
Neigel, J. E., R. M. Ball, and J. C. Avise. 1991. Estimation of single
generation m igration distances from geographic variation in animal 
m itochondrial DNA. Evolution 45:423-432.
Nevo 1978. Genetic variation in natural populations: patterns and theory. 
Theor. Pop. Biol. 13: 121-177.
O'Conner, E. A., P. E. J. Pitfield, and M. Litherland. 1987. Landscape and 
Landsat over the eastern Bolivian shield. Z. Geom orph. N.F. 64:97- 
109.
O'Neill, J. P., C. A. M unn, and I. Franke J. Nannopsittaca dachilleae, a new 
species of parrotlet from eastern Peru. Auk 108:225-229.
Parker, T. A., Ill and Remsen, J. V., Jr. 1987. Fifty-two Am azonian bird 
species new to Bolivia. Bull. Brit. Orn. Club 107:94-106.
Peters, J. L. 1951. Checklist of Birds of the W orld. Vol. VII. M useum  of 
Com parative Zoology, Cambridge, Massachusetts.
Peterson, A. T. 1990. Evolutionary relationships of the Aphelocoma jays. 
Unpubl. Ph. D. Diss. University of Chicago, Chicago, Illinois.
Peterson, A. T., P. Escalante P., and A. N avarro S. 1992. Genetic
differentiation in Mexican populations of com m on bush-tanagers 
and chestnut-capped brush-finches. Condor 94:244-253.
Richardson, B. J., P. R. Baverstock, and M. Adams. 1986. Allozyme
Electrophoresis. Academic Press Australia, N orth  Ryde, New South 
W ales, Australia.
105
Rogers, J. S. 1972. M easures of genetic similarity and genetic distance. Pp. 
145-153, In Studies in genetics VII. Univ. Texas Publ. No. 7213, 
Austin, Texas.
Ross, H. A. 1983. Genetic variation of Starling (Sturnus vulgaris: Aves) 
populations in New Zealand and Great Britain. J. Zool. Lond. 
201:351-362.
Selander, R. K. and D. W. Kaufman. 1975 Genetic structure of populations 
of the Brown Snail (Helix aspersa). I. M icrogeographic variation. 
Evolution 29: 385-401.
Seutin, G., J. Brawn, R. E. Rickleffs, and E. Bermingham. 1993. Genetic
divergence am ong populations of a tropical passerine, the Streaked 
Saltator (Saltator albicollis). Auk 110:117-126.
Shields, G. F. and K. M. Helm-Bychowski. 1988. M itochondrial DNA of 
birds. Curr. Onithol. 5:273-295.
Shields, G. F., and A. C. Wilson. 1987. Calibration of m itochondrial DNA 
evolution in geese. J. Mol. Evol. 24:212-217.
Slatkin, M. 1985. Rare alleles as indicators of gene flow. Evolution 39:53- 
65.
Slatkin M. and W. P. M addison 1989. A cladistic m easure of gene flow 
inferred from phylogenies of alleles. Genetics 123:603-613.
Slatkin, M. and W. P. M addison. 1990. Detecting isolation by distance using 
phylogenies of genes. Genetics 126:249-260.
Soule, M. E. (Ed.) 1987. Viable Populations for Conservation. Cambridge 
University Press, Cambridge.
Stangel, P. W., M. R. Lennartz, and M. H. Smith. 1992. Genetic variation 
and population structure of Red-cockaded W oodpeckers. Conserv. 
Biol. 6:283-295.
Stotz, D. F. and R. O. Bierregaard, Jr. 1989. The birds of the fazendas Porto 
Alegre, Esteio, and Dimona north  of M anaus, Am azonas, Brazil.
Rev. Brasil. Biol. 49: 861-872.
Swofford. D. L. 1993. PAUP: Phylogenetic analysis using parsim ony,
version 3.1. Com puter program  distributed by the Illinois N atural 
History Survey, Cham paign, Illinois.
106
Swofford, D. L. and D. P. Begle. 1993. PAUP: user's m anual. Laboratory of 
M olecular Systematics, Sm ithsonian Inst., W ashington, D. C.
Swofford, D. L. and G. J. Olson. 1990. Phylogeny Reconstruction. Pp. 411- 
501, In D. M. Hillis and C. Moritz, (Eds.). Molecular Systematics. 
Sinauer Assoc., Inc., Sunderland, Massachusetts.
Swofford, D. L. and R. B. Selander. 1981. BIOSYS-1: a com puter program
for the analysis of allelic variation in genetics. Urbana, Illinois, Dept, 
of Genetics, University of Illinois.
Tegelstrom, H., H. P. Gelter, and M. Jaarola. 1990. Variation in the Pied 
Flycatcher (Ficedula hypoleuca) m itochondrial DNA. Auk 107:730- 
736.
Templeton, A. R. 1983. Phylogenetic inference from restriction
endonuclease cleavage site maps w ith particular reference to the 
hum ans and apes. Evolution 37:221-244.
Templeton, A. R., K. Shaw, E. Routman, S. K. Davis. 1990. The genetic 
consequences of habitat fragm entation. Ann. M issouri Bot. Gard. 
77:13-27.
Terborgh, J. W. 1975. Faunal equilibrium  and the design of wildlife
preserves. Pp. 369-380, In F. Golley and E. M edina (Eds.), Tropical 
Ecological Systems: Trends in terrestrial and aquatic research. 
Springer-Verlag, New York, New York.
Terborgh, J. W., S. K. Robinson, T. A. Parker, III, C. A. M unn, and N.
Pierpont. 1990. Structure and organization of an Am azonian forest 
bird community. Ecol. Monogr. 60:213-238.
Traylor, M. A. 1979. Checklist of the Birds of the W orld. Vol. VIII.
M useum  of Com parative Zoology, Cambridge, Massachusetts.
W aples, R. S. 1987. A multispecies approach to the analysis of gene flow in 
m arine shore fishes. Evolution 41:385-400.
W hitmore, T. C. and G. T. Prance. 1987. Biogeography and Q uaternary 
History in Tropical America. Clarendon Press, Oxford.
Willis, E. O. 1974. Populations and local extinctions of birds on Barro 
Colorado Island, Panama. Ecol. Monogr. 44:153-169.
Willis, E. O. 1979. The com parison of avian comm unities in rem iniscent 
woodlots in southern Brazil. Papeis Avulsos do Zoologia 33:1-25.
107
W orkman, P. L. and J. D. Niswander. 1973. Population studies of
southw estern Indian tribes. II. Local genetic differentiation in the 
Papago. Amer. J. H um an Genet. 22:24-49.
W right, S. 1978. Evolution and the Genetics of N atural Populations. IV. 
Variability w ithin and am ong N atural Populations. University of 
Chicago Press, Chicago, Illinois.
Zink, R. M. The geography of m itochondrial DNA variation, population 
structure, and hybridization in the Fox Sparrow (Passerella iliaca). 
Evolution in press.
Zink, R. M. 1991. The geography of m itochondrial DNA variation in two 
sym patric sparrows. Evolution 45:329-339.
Zink, R. M. 1986. Patterns and evolutionary significance of geographic
variation in the Schistacea group of the Fox Sparrow (Passerella iliaca). 
Ornithol. Monogr. 40.
Zink, R. M. and J. C. Avise. 1990. Patterns of m itochondrial DNA and 
allozyme evolution in the avian genus Ammodramus. Syst. Zool. 
39:148-161.
Zink, R. M. and D. L. Dittmann. Gene flow, refugia, and evolution in the 
Song Sparrow. Evolution in press.
Zink, R. M. and D. L. Dittmann. 1993. M itochondrial DNA variation in
the Chipping Sparrow (Spizella passerina), an hypothesis for evolution 
in the genus Spizella. Wilson Bull. 105: 399-413.
Zink, R. M., W. L. Rootes, and D. L. Dittmann. 1991. M itochondrial DNA 
variation, population structure, and evolution of the Com m on 
Grackle (Quiscalus quiscula). Condor 93:318-329.
Zink, R. M., D. F. Lott, and D. W. Anderson. 1987 Genetic variation,
population structure, and evolution of California Quail. Condor 
89:395-405.
A p pe n d ix  I: St u d y  site  l o c a l it ie s
Site 1. BOLIVIA: Dpto. Santa Cruz; 21 km SE of Catarata Arco Iris (Lat. 13° 
55' S, Long. 60° 45' W, elev. 670 m). (Bates et al. 1992).
Site 2. BOLIVIA: Dpto. Santa Cruz; 25 km S of Catarata Arco Iris (Lat. 13° 
55' S, Long. 60° 45' W, elev. 670 m). (Bates et al. 1991).
Site 3. BOLIVIA: Dpto. Santa Cruz; ca 45 km E of the tow n of Florida (Lat. 
14° 34' S, Long. 60° 40' W, elev. 720 m). (Bates et al. 1992).
Site 4. BOLIVIA: Dpto. Santa Cruz; west bank of the Rio Paucerna, 4 km 
upstream  from its confluence w ith the Rio Itenez (elev. 450 m, Lat. 13.43'S, 
Long. 61.11'W). (Bates et al. 1991).
Site 5. BOLIVIA: Dpto. Santa Cruz; Piso Firme (elev. ca 250 m, Lat. 13° 35' 
S, Long. 60° 55' W). (Bates et al. 1992).
Site 6. BOLIVIA: Dpto. Santa Cruz; Piso Firme, Los Fierros, 30 km E 
Aserradero Moira (elev. 450 m, 14.25'S, 61.10'W). (Bates et al. 1991).
Site 7. BOLIVIA: Dpto. Pando; ca 12 km by road S Cobija, ca 8 km W on 
road to M ucden (elev. 325 m, 11°9'S, 68°58'W). (Parker and Remsen 1987).
Site 8. PERU. Dpto. Ucuyali; ca 65 km  ENE Pucallpa. (elev. 300 m, 8°8'S, 
74°2'W. (O'Neill et al. 1991).
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A p p e n d ix  II: R o g e r s ' (1972) a n d  N e i's  (1978) g e n e t i c  d i s t a n c e s
Rogers' (1972) D (above the diagonal), and Nei's (1978) D (below the 
diagonal) for the five study species at the eight study sites. Note that in 
both Hypocnemis cantator (site 3) and Leptopogon amaurocephalus (site 4), no 
individuals were collected at one of the study sites.
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(Appendix II, cont.) 
Glyphorynchus spirurus
P o p u l a t i o n  1 2  3
1 ***** 0 . 0 4 8 0 . 0 61
2 0 . 0 0 0 ***** 0 . 06 1
3 0 . 0 0 9 0 . 0 0 1 *****
4 0 . 0 0 5 0 . 0 0 0 0 .012
5 0 . 0 1 1 0 . 00 7 0 . 005
6 0 . 0 4 2 0 . 0 2 7 0 . 00 5
7 0 . 0 7 0 0 . 0 7 2 0 . 07 0
8 0 . 0 6 7 0 . 05 3 0 . 054
4 5 6 7 8
0 .057 0 . 0 6 5 0 .124 0 . 1 1 8 0 .131
0 .051 0 . 0 63 0 .116 0 . 1 3 9 0 .132
0 .079 0 . 0 6 2 0 .085 0 . 1 3 4 0 .130
** * * ★ 0 . 0 57 0 .115 0 . 1 5 9 0 .145
0 .004 ***** 0 .111 0 . 1 5 8 0 .133
0 .025 0 . 0 2 5 * * * * * 0 . 1 5 9 0 .147
0 .101 0 . 1 0 1 0 .087 ***** 0 . 101




P o p u l a t i o n  1 2  4 5
1 ***** 0 . 03 7 0 . 0 3 5 0 . 0 2 5
2 0 .0 02 ***** 0 . 0 1 8 0 . 02 3
4 0 . 0 0 0 0 . 0 0 0 ***** 0 . 0 1 6
5 0 .0 0 2 0 . 0 0 0 0 . 0 0 0 *****
6 0 .0 0 4 0 . 003 0 . 0 0 0 0 . 0 0 0
7 0 . 09 7 0 . 0 9 0 0 . 0 9 8 0 . 0 95
8 0 . 1 1 0 0 . 10 4 0 . 1 0 8 0 . 1 1 0
6 7 8
0 . 0 4 0 0 . 1 7 3 0 . 1 8 1
0 . 0 3 1 0 . 1 4 5 0 . 1 6 6
0 . 0 2 2 0 . 1 6 0 0 . 16 4
0 . 0 1 8 0 . 1 5 7 0 . 163
***** 0 .171 0 . 1 6 1
0 . 10 7 ***** 0 . 163
0 . 1 1 2 0 . 0 8 0 *****
(Appendix n, cont.) 
Myrmeciza heniimelaena
P o p u l a t i o n  1 2  3 4
1 ***** 0 . 04 7 0 . 0 5 5 0 . 0 5 4
2 0 . 0 1 7 ***** 0 . 0 3 1 0 . 0 3 0
3 0 . 0 1 9 0 . 00 3 ***** 0 . 0 2 0
4 0 . 0 1 5 0 . 0 0 0 0 . 0 0 0 *****
5 0 . 0 1 9 0 . 0 0 0 0 . 0 0 6 0 . 0 0 1
6 0 . 0 2 9 0 . 00 3 0 . 0 17 0 . 0 1 1
7 0 . 0 8 8 0 . 0 6 1 0 . 0 7 4 0 . 0 7 0
8 0 . 0 9 5 0 . 0 6 5 0 . 07 8 0 . 0 7 5
5 6 7 8
0 . 0 5 8 0 . 0 6 8 0 . 1 4 0 0 . 1 4 6
0 . 0 1 9 0 . 0 2 9 0 . 1 0 6 0 . 1 0 9
0 .0 3 9 0 . 0 5 3 0 . 1 1 4 0 . 11 7
0 . 0 3 7 0 . 0 5 1 0 . 1 2 1 0 . 127
***** 0 . 0 3 0 0 . 1 1 6 0 . 1 2 2
0 . 0 0 2 ***** 0 . 0 9 6 0 . 0 9 4
0 . 0 69 0 . 0 5 9 ***** 0 .0 3 9
0 . 0 73 0 . 0 6 0 0 . 0 0 4 *****
(A ppendix II, cont.)
Hylophylax poecilinota
P o p u l a t i o n  1 2  3 4
1 ***** 0 . 0 6 7 0 . 08 3 0 . 0 6 7
2 0 . 0 1 1 ***** 0 . 0 30 0 . 0 7 4
3 0 . 0 1 8 0 . 01 7 ***** 0 . 0 6 4
4 0 . 0 0 6 0 .0 0 9 0 . 00 4 *****
5 0 . 0 1 8 0 . 0 2 8 0 .0 1 4 0 . 0 0 7
6 0 . 0 3 6 0 . 0 3 2 0 . 0 1 1 0 . 0 0 9
7 0 . 0 5 4 0 .0 5 3 0 . 0 5 0 0 . 0 5 5
8 0 . 0 2 2 0 . 01 3 0 . 01 2 0 . 0 1 1
5 6 7 8
0 . 0 7 5 0 . 0 9 7 0 . 0 9 9 0 . 1 0 8
0 . 0 9 1 0 . 0 9 7 0 .1 0 3 0 . 0 8 5
0 . 073 0 . 0 6 6 0 . 0 9 4 0 . 0 8 2
0 .0 6 9 0 .0 7 3 0 . 1 1 8 0 . 0 9 5
* * * * * 0 . 0 7 3 0 . 11 3 0 . 1 0 1
0 . 0 1 4 ***** 0 . 1 2 8 0 . 1 0 5
0 . 0 6 2 0 . 0 7 5 ***** 0 . 1 0 3
0 .0 2 2 0 . 0 2 5 0 . 0 37 * * * * ★
(Appendix II, cont.) 
Leptopogon amaurocephalus
P o p u l a t i o n  1 2  3
1 ***** 0 . 0 5 6 0 . 0 7 1
2 0 . 0 0 0 ***** 0 . 0 7 4
3 0 . 0 2 1 0 .0 1 0 * * * * *
4 0 . 0 1 9 0 . 00 9 0 . 0 0 2
5 0 . 0 0 3 0 . 0 0 0 0 . 0 0 4
7 0 . 0 2 3 0 . 01 4 0 . 0 0 4
8 0 . 0 1 9 0 . 0 0 4 0 . 0 0 5
4 5 7 8
0 . 0 6 7 0 . 053 0 . 0 8 6 0 . 08 9
0 . 07 3 0 . 073 0 . 0 9 3 0 . 0 8 0
0 . 0 3 1 0 . 0 6 1 0 . 0 4 5 0 . 0 6 0
★ * * * * 0 . 0 5 6 0 .030 0 . 0 5 8
0 . 00 3 ***** 0 . 0 6 8 0 . 0 7 3
0 . 0 0 1 0 . 0 0 5 ***** 0 . 0 6 9
0 . 0 0 5 0 . 00 3 0 . 0 0 7 *****
I— *
A ppen d ix  III: G e o g r a p h ic  d is t a n c e  M a t r ic e s
a. Gabriel geographic distances (in km x 1000) used in Mantel tests (see 
text).
S i t e s
1 2 3 4 5 6 7 8
1 . -
2 . 0 .001 -
3 . 0 . 066 0.068 -
4. 0 .072 0.070 0 .013 -
5. 0 .070 0 .065 0 .113 0.120 -
6 . 0 .112 0 .113 0 .145 0 .145 0 .075 -
7 . 1 . 150 1 .551 1.  610 1.600 1.575 1 .500
8. 0 .930 0 .930 0 .990 0 .985 0 .880 0 .800 0 .640
b. Geographic distances (in km x 1000) m odified to take into account forest 
along rivers as possible corridors for m ovem ent betw een forest fragm ents 
and continuous forest.
S i t e s
1 2 3 4 5 6
1 . -
2. 0 .001 -
3 . 0 .216 0 .218 -
4 . 0 .072 0 .070 0 .150 -
5. 0 .190 0.191 0 .270 0 .120
6. 0 .216 0.217 0 .295 0 .145  0 .075
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A p p en d ix  IV: UPGMA p h e n o g r a m s  f r o m  R o g e r s '  (1972) D
UPGMA phenogram s of Rogers' (1972) genetic distances (Appendix II) for 




































































A p p e n d ix  V: M t D N A  r e s t r ic t io n  f r a g m e n t  s iz e s
Fragm ent sizes for the m ost common restriction fragm ent profiles for each 
restriction enzyme used in this study. An asterisk indicates that the 





Ava  I (11,000, 5700*)
Ava II (5800, 2400,1800,1400,1100, 800, 735, 725, 600, 500, plus other
small fragm ents)2
BamYl I (12300*, 3600*, 800*)
Ban II (9400*, 2700, 2300, 900*, 800, 600*)
Bel I (4600*, 4100*, 3400*, 2600*, 1300*, 900*, 600*)
Bgl I (11600*, 3900*, 1200*)
EcoR I (12600*, 4100*)
Hinc II (4700*, 3600*, 3400*, 2000*, 1800*, 1300*)
Hind  HI (7900*, 2600*, 2400, 2300*, 1900*)
H int  I (2200, 1900*, 800, 750, 700, 650, 550, 500, plus other small
fragm ents)1
Mbo  I (1800*, 1300,1100,900, 800, 750, 750, 750, 700, 680, 660,640,600,
600, 550, 500 plus m any smaller fragm ents)1
Msp  I (3500*, 1600,1400,1250,1200,1100,800,800,800, 600,600,600,
550, 500, 300, 300 plus other small fragm ents)1
Nde I (5300*, 4100*, 3800*, 1750*, 1650)
Psfl (9600*, 3700*, 3300*)
Pt>w n (16600*)
I Variation in larger fragments included to determine haplotype differentiation among
individuals from sites 1-6, but not more geographically more distant individuals.
Because of many small fragments, the complete fragment pattern is not known.
2 Invariable among individuals from sites 1-6, but variation between individuals from more
distant sites precluded mapping sites.
b) H. cantator
Ava  I (8800*, 5800*, 1200, 1100)
Ava  II (2900,2900, 2400,2300,1800,1800,1500,800, 600)1
Bam H  I (15900*, 800*)
Bell (8600*, 3300*, 2600*, 2400*)
Bgl I (8400*, 5200*, 2800*)
Bg/II (9600*, 7000*)
EcoR I (10300*, 3000*, 2600*, 800*)
Hae II (6000*, 5300*, 5000*, 700*)
Hinc II (4200*, 3300*, 3300*, 2500*, 1400*,1400*, 600*)2
Hind  III (8000, 3000*, 2300, 1900*, 900, 700)
Hini I (1500,1350*, 1200, 900, 900, 850, 800, 800, 780, 750, 750, 750, 700,
650, 500, 400, plus other small fragm ents)1





Stu  I (8700*, 1700*, 1500*, 1500,1450, 800*, 650)2
1 Variation in larger fragments included to determine haplotype differentiation among 
individuals from sites 1-6, but not more geographically more distant individuals. 
Because of many small fragments, the complete fragment pattern is not known.
2 Invariable among individuals from sites 1-6, but variation between individuals from more 
distant sites precluded mapping sites.
c) M. hemimelaena
Ava I (9900,5500,1300)
Ava II (8000*, 1500,1400,1400,1400,1200*, 800, 800, 350*)
Bam H  (12400,4200)
Bel I (9100*, 5200*, 2300*)
Bgl I (14400, 2200)
Bgl II (16,700)
EcoR I (5200*, 4500*, 2700*, 2500*, 1900*)
Hae II (10900*, 5200*, 600)
Hae III (1500,1300,1150,1000,12000,1000,1000,900,800,800,750,700,
700, 650, 500, plus other small fragm ents)2 
Hinc II (3500*, 3400, 2500, 2200*, 2100*, 1200, 700*, 600*, 500*)
Hind  HI (8500*, 2300, 2300*, 1900*, 1600)
Hinf I (1900,1600,1400,1300, 800*, 750, 600, 550,340,310, 300, plus
other small fragm ents)1 
Mbo I (1800,1600,1550,1550,1400,1400,1350, 750, 700, 700, 650, 600,
600, 600, plus other fragments)2 
Msp  I (3900, 2300,1300,1200,1150,1000,900,850, 850,825,800, 600,
500, 300, 300, plus other small fragm ents)2 
Nde I (11200, 5500)
Pst I (11700,3700,1300)
Pvu n  (16700)
Stu  I (4200, 3200, 2800, 2100, 1300, 1300, 750, 750*, plus other small
fragm ents)
1 Variation in larger fragments included to determine haplotype differentiation among 
individuals from sites 1-6, but not more geographically more distant individuals. 
Because of many small fragments, the complete fragment pattern is not known.
2 Invariable among individuals from sites 1-6, but variation between individuals from more 




Ava II (10000, 1500, 1300, 1250, plus other small fragm ents)2
Bam H  (12400*, 4500*)
Ban I (14200*, 1900, 600*)
Bel I (13000, 1700*, 1300*, 700*)
Bgl II (15800*, 1,500)
EcoR I (9000*, 6700, 900)
Hinc II (3450, 2400, 2100, 1900, 1550, 1400, 1050,900, 800, 600,550)2
Hind  HI (8300, 2300*, 1650, 1650, 1600, 1000, plus a small fragment)
H in i l  (1550*, 1100, 950*, 750, plus m any small fragm ents)1
Mbo  I (1900, 1300, 1150*, 1100, 1100, 800, 800, plus other small
fragm ents)1
Msp  I (2000, 1500, 1400, 1400, 1400, 1300, 1200.1100, 1000,900,750,
600, 550, 500, 400, 300, plus other small fragm ents)2 
Nde I (5000*, 4100*, 4000*, 3200*)
Pst I (9200,3900,3700)
Pvu H (16700)2
Spe I (7400,3600,3500,1500, 750)
Stu  I (4200,1900,1700*, 1600*, 1500, 1350,1350, 800, 800, 600, 400,
plus small fragm ents
1 Variation in larger fragments included to determine haplotype differentiation among 
individuals from sites 1-6, but not more geographically more distant individuals. 
Because of many small fragments, the complete fragment pattern is not known.
2 Invariable among individuals from sites 1-6, but variation between individuals from more
distant sites precluded mapping sites.
e) L. amaurocephalus
A v a l  (11200*, 3200, 2100)
Ava II (7000, 3700, 2000, 2000*, 800, 550, 500, plus one small
fragm ent)
Bam H  (1000,3200, 2800,900)
Ban I (7500, 3400*, 3000*, 2300)
Ban II (3400,2600, 2400,1900,1900,1600,1300,900, 600)
Bel I (7500, 5100, 3600, 700*)
Bgl I (16700*)
Bgl II (8800, 5000*, 3000*)
EcoR I (16700)
Hae III (1600*, 1300, 1300, 1300*, 1000, 700*, 600, 550*, 500, plus
sm aller fragm ents)
Hinc II (6700*, 3000, 2500, 1700, 750, 700, 650, 600)
Hind HI (11000,3900, 1800)
Hinl I (1650, 1550*, 1500, 750, 750, 650, plus small fragm ents)1
Msp I (1400*, plus m any small sam ples)1
Nde I (12900*, 2600, 1300*)
(Appendix V, cont.)
Pst I (10000% 3000% 2500, 750, 600)
Pvu II (9000*, 6000% 1500*, plus small fragments)
Spe I (9600, 5500,1300*, 300)
Stu  I (7000,4500,1600,1600,800,750, 500)
1 Variation in larger fragments included to determine haplotype differentiation among 
individuals from sites 1-6, but not more geographically more distant individuals. 
Because of many small fragments, the complete fragment pattern is not known.
2 Invariable among individuals from sites 1-6, but variation between individuals from more
distant sites precluded mapping sites.
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